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AUTHOR'S PREFACE. 



In this introduction I have endeavored to supply the 
student with whatever may be of seryice in assisting him 
to a clear comprehension of chemical processes. I have 
not restricted myself, therefore, to a mere expression of 
the reactions by equations, but have preceded these with 
the shortest possible presentation of the most important 
considerations which form the foundation of our present 
theoretical views. 

I have chosen the rational formulas for the equations in 

order to give to the student a definite nucleus around which 

to cluster his ideas of the recondite changes which occur in 

chemical reactions. 

P&. £. Dbschsbl. 



TEMSLATOE'S PEEFACE. 



I WAS led to translate this elementary treatise upon 
chemical reactions by the belief that it would be a con- 
yenient auxiliary to studies within the limits of elementary 
general chemistry and elementary qualitative analysis. This 
opinion was founded upon my own use of the book and 
i:^pon that of fellow-students. 

In translating I hare endeavored to represent the origi- 
nal text of the author truthfully, but upon this subject I 
would call attention to the following points : 

1) Everything pertaining to chemical terminology, in its 
widest sense, I have regarded as matter not for strict 
translation, but which should be rendered in the most 
advanced scientijBc terminology adopted in our own coun- 
try at the present time ; so that I have taken the greatest 
liberties in this respect. 

2) All insertions in the text which are inclosed in brack- 
ets, [ ], are interpolations made by the translator. 

3) The translator alone is responsible for all of the foot- 
notes, the prefatory note of explanation and for the table 

of contents. 

The book was originally published by the firm of Johann 

Ambrosius Barth, at Leipsic, bearing the title: ^'Leitfadcn 

in das Studium der chemischen Reactionen." 

N. F. M. 



TABLE OF OONTEI^TS. 



PAOB 
Autbob'8 PREFACB ▼ 

Translator's prkfacb ▼! 

Tablb of comtbnts Til 

Explanatory notes xr 

Valence numerals; other numerals.- Points. -^Bars.- Arrangement of 
atoms in a group.— Brace.— Significations of point and bar compared.— 
Customary omissions.— Examples of structure formulas fully resolved. 

MOLECULE ; ATOM.— REACTIONS 1-8 

Distinction between mechanical and chemical division of substances. 
— ^Atom, molecule, atom-group.— Evidence that the molecule of mer- 
cury vapor consists of but one atom.— Number of atoms in the molecules 
of arsenic and phosphorus vapors.— Comparison of molecules before, 

with thoso after, a reaction 1-3 

Double or reciprocal deoompontion 8, 4 

Examples 3, 4 

Simple addition of two or more molecules 4 

Examples 4 

Addition accompanied by the breaking up of one or more molecules 4-6 

Examples 5 

Simple resolution of one or more molecides into two or several mo/«cule«. 5-0 

Examples 5, 6 

Distinction between formulas representing molecular weights and 
those written merely according to simple stoichiometric proportions. ... 6 

Case of immediate decomposition of a molecule issuing from a re- 
action t 

Reactions completed in two stages 7 

VALENCE OF THE ATOMS 8-15 

Law of multiple proportions.— Ability of atoms to combine with each 

other in various proportions 8, 9 

Explanation of vaJence and partial consideration of a method of 
arriving at conclusions concerning it.— Concerning the valence of 

sulphur 10,11 

Saturated and unsaturated compounds ;...ll, 13 

Radical or atom-group.. . . .. , .13-15 



VIU CONTENTS. 

PAOB 

OXIDATION AND REDUCTION 10-22 

Examples of oxidation by free oxygen and by oxidizing compounds.. 16-18 
Oxidizing and reducing agents defined.— Distinction between cases 
of oxidation involving a change of valence and those which do not.— 

Insertion of oxygen atoms between other atoms 19, 20 

Oeneral and restricted applications of the terms wcidation and reduc- 
tion 21,22 

SOLUTION OF THE METALS AND METALLIC OXIDES. 22-48 

Terminology of oxides.— Chemical characters of different oxides 25-27 

Similar considerations relating to chlorides and sulphides 27-29 

Agents commonly employed as solvents of the metals 80 

1) Action of nitric acid ; 81-41 

Structure of the nitric acid molecule.— Solubility of nitrates.— Reduc- 
tion of nitric acid to nitn^en monoxide by metals.— Absorption of the 
nitrogen monoxide by cone, nitric acid, with formation of nitrous acid, 

etc 81,82 

Instrumentality of nitrous acid in the action of nitric acid upon 
metaK— Further reduction of nitric acid to hyponitric oxide, hypo- 

nitrous oxide or to free nitrogen 83 

Formation of ammonia from nitric acid 84 

Solution of metals in nitric acid completed in two successive stages . .85-40 
Theoretical considerations concerning the natm'e of salts, the acidity 

of bases and the basicity of acids ^ 88, 89 

Oxidation of sulphides by nitric acid 40, 41 

8) Action of cldorhydric acid and(f dilute avZphuric cxid 41-45 

Consideration of the molecule of chlorhydric acid gas and concerning 
its aqueous solution.— Examples of the action of chlorhydric acid upon 

metals, etc 41, 42 

Examples of the action of chlorhydric acid upon metallic oxides and 

sulphides 48 

Action of dilute sulphuric acid upon metals and metallic oxides 44 

3) Action ofa^qua regia. 45-46 

Energetic action upon metals due to the free chlorine present, etc. — 
Reactions between nitric and chlorhydric acids 45, 46 

4) Action of concentrated sulphuric acid 47, 48 

Consideration of the molecule of sulphuric acid.— Reduction of the 
acid by metals with subsequent formation of sulphates, etc 47 

MANNER IN WHICH THE REAGENTS WORK 48-84 

Possibility of a classification of the metals into groups. 49 

Concerning the phenomena of a reaction involving: 

1) production of a precipitate 49-51 

Different kinds of precipitates distinguished, etc 49-51 

2) change of color 51 

5) effervescence , 51) 58 

Absence of above signs in certain cases of reaction 62 

Principal or general reagents for bases, .......; 52-71 

1) SulphydHe acid 5S-57 

Consideration of its molecule and of its aqueous solutio]i.~Ox4dation 
of sulphydric acid in contact with air. 61 



CONTENTS. IX 

PAOB 

Reactions with metals, metallic oxides, etc 68,64 

Solubility of certain sulphides in acids and the insolubility of others 
the basis of a division of sulphides into two groups 65 

Action of haloids and haloid compounds upon sulphides.— Sulphydric 

acid a reducing agent 66 

2) Ammonium sulphide 67-62 

Consideration of its molecular structure.— Change of its colorless 
solution to the colored explained 67 

Similarity and distinctions between the action of ammonium sulphide 
and that of sulphydric acid 68 

Decomposition of ammonium sulphide by acids 59 

Cases wherein hydroxides instead of sulphides are precipitated by 
ammonium sulphide CO 

Solution of certain sulphides in ammonium sulphide under formation 
of sulpho-salta explained, and application of this principle to the divi- 
sion of the shlphides precipitated by sulphydric acid into two groups. . : 61 
8) Potassium {or sodium) hydroxide solution 62-64 

Consideration of the molecule 62 

. Precipitation of hydroxides.— Immediate decomposition of certain of 
these hydroxides into oxides and water.— Solubility of certain metallic 

hydroxides in potassium hydroxide solution 62, 63 

4) Ammonia 64-67 

Consideration of its molecule and aqueous solution.— Varying behavior 
of aqueous ammonia towivrd metallic solutions, etc 64 

Solubility of certain metallic oxides in excess of ammonia giving riso 
to ** ammonio-metallic compounds^' 65 

Solubility of metallic hydroxides in ammonium salts , forming so-called 
** double salts.'*— " Molecular addition'* distinguished from true valence 

structure 66 

6) Sodium carbonate 67, 68 

Consideration of the molecule.— Action as reagent illustrated.— Forma- 
tion of basic carbonates, etc 67, 68 

6) Amm4)nium carbonate 68, 69 . 

Consideration of its molecule 68 

Action as reagent 69 

General distinctions between testing for bases and for acids 69 

General reagents for acids 70, 71 

1) Barium chloride 70-71 

Consideration of its molecule.— Action as reagent, etc 70, 71 

2) L&iid acetate 71 

Consideration of its molecule and of its action as reagent 71 

8) Silver nitrate 71 

Cansideration of the molecule and action as reagent 71 

Division of the elements and compounds into groups by means of the 
preceding nine reagents 71, 72 

Consideration of other reagents infrequent use tlwugh not capable 
of the extended application attaching to those previously con-. 

sidered ..73-84 

1) Patoitivm ejfanidm ..^ ....;.. ...76-76 



X CONTENTS. 

PA«S 

Ck>]isideration of the molecule.— Ready decompodtion of aqueous 
solution.— Explanation of its odor of Prussio acid.— Precipitation of 
metallic cyanides 78 

Solubility of metallic cyanides in excess of potassium cyanide form- 
ing so-called ** double cyanides^* 74 

Precipitation of insoluble double cyanides by soluble double cya- 
nides 74, 75 

Variable deportment of cyanides.- Decomposition of all cyanides- 
upon treatment to sulphuric acid and water 75, 7G 

5) JPoUisnum-feTrrouSy and potcusiuni-ferric^ cyanide 7 7-70 

Molecular considerations.— Potassium-ferrous cyanide not tetragonal 

but probably monoclinic 77 

Reactions 78 

Structure considerations 79 

Z) Acids 80-84 

Certain precipitations effected by sulphuric and chlorfaydric acids, etc. 8ft 
Testing for volatile acids 83, 84 

CHARACTERISTIC AND SPECIAL REACTIONS OF THE 

MOST IMPORTANT BASES AND ACIDS 84-188 

I. Bases 84-114 

▲) METALLIC OXIDES FROM THE ACID SOLUTIONS OF WHICH PRECIPITATES 

ARE PRODUCED BT SULPHTDRIC ACID 84-96 

a) The precipitated metaXUc sulphides are insduble in ammonium 
sulphide 84^00 

1) Cupric oxide 84, 8o 

Behavior of cupric solutions toward sodium hydroxide, ammonia, 
ammonium carbonate and potassium-ferrqus cyanide 84, 85 

2) Bimiutkous oxide 85, 80 

Behavior of bismuthous soluticms toward water, etc 85, 8G 

8) Cadmium oxide 80 

Sulphide; hydroxide; carbonate 80 

4) Mercuric oxide 86-88 

Behavior toward sulphydric acid, sodium hydroxide, ammonia, caustic 

alkalies and their carbonates 87-8S 

Behavior of mercuric chloride different from that of mercuric 
nitrate 88 

6) Mercurota oxide 88 

Behavior toward sulphydric acid, sodium hydroxide, ammonia, am- 
monium carbonate, chlorhydric acid, and soluble chlorides 88 

6) Argentic oxide 80 

Reactions of solution with chlorhydric acid and soluble chlorides.— 
Explanation of the blackening of silver chloride under the influence of 
light.— Solubility of sUver chloride in ammonia, etc. Behavior of 
argentic solutions toward sodium hydroxide 89 

7) Plumboiu oxide 80, 00 

Behavior toward chlorhydric acid and soluble chlorides; properties 

of the precipitate 89 

Reaction of plumbous solutions with dilute sulphuric acid.— Behavior 
■ ' toward sodium hydroxide and aqueous ammonia 00 



CONTENTS, aa 

PAOS 

b) The precipitated metaUie mJphidee are eoLvkiU in amnumium 

eviphide 90-96 

8) Stannous oxide 90,91 

Behavior toward sulphydrio acid 90 

Reducing agency of stannous salts.— Behavior toward sodium hy- 
droxide, aqueous ammonia and alkaline carbonates. 00, 91 

9) Stannic oxide 9 1 , 93 

Behavior of its solution toward oaustio alkalies and their carbonates. — 

Solubility of stannic sulphide in various reagents. 91 

Precipitation of metallic tin by zinc and free chlorhydric acid 92 

10) Arseniotts anhydride 92-94 

Behavior of its solution towards sulphydric acid.— Various reactions 

involved in different processes of solution of AsaSg, etc 92, 93 

Basicity of arsenioua acid.— Sulphmx)us acid regarded as : SOs !- ^^ . . 98 

Formation of arsenic trihydride from arsenious oxide by nascent 
hydrogen. —Means of distinguishing arsenious from arsenic oxide 94 

11) Arsenic anhydride 94-90 

Peculiar behavior of arsenic oxide solutions toward sulphydric acid . . 95 
Arsenic double salts ^ . . . . 96 

12) Antimonous anhydride 96 

Characteristic precipitate with sulphydric acid.— Means of distin- 
guishing antimony from arsenic— Precipitation of antimonous acid by 
caustic alkalies and their carbonates.— Behavior of antimonous solu- 
tions toward water.—** Powder of Algaroth," etc.— Formation of anti- 
mony trihydride 96 

B) METALUO OXIDES, THB ^CID SOLUTIONS OF WHICH ARE KOT, BUT WHOSE 

▲LEALINB SOLUTIONS ABE, PRECIPITATED BT SULPHTDRIC ACID 97-105 

13) Zinc oxide 97 

Behavior toward ammonium sulphide, sulphydric acid and ammonia, 

and distinction from aluminium oxide 97 

14) Manganous oxide 97, 98 

Precipitation by ammonium sulphide, sodium hydroxide and am- 
monia. . . ; 97 

Formation of manganic oxalate and its ready conversion into man- 
ganous oxalate.— Formation of permanganic acid 98 

15) Cobaltous oxide 98-100 

Precipitation with ammonium sulphide 98 

Distinction from iron.— Behavior toward ammonia.— Precipitation 

with potassium cyanide and solution of precipitate in excess of precip- 
itant—Formation of potassium-cobaltic cyanide.— Structure formulas 
of such cobalt-potassium cyanides 99 

Reaction with potassium nitrite and acetic add 99 

IS) Nickelous oxide 100,101 

Points of similarity, and distinction between, nickelous oxide solu- 
tions and those of cobaltous oxide 101 

17) I^errous oxide 101-104 

Behavior toward ammonium sulphide and distinction from nickel and 
cobalt.— Behavior toward caustic alkalies and their carbonates 101 

Beactioii with potassium-ferrous cyanide 109 



Xll CONTENTS, 

rAGB 

Reaction with potassium-ferrio cyanide.— Tumbull's blue 103 

Structure of these blue precipitates. 10^104 

Tendency of ferrous solutions to absorb nitrogen monoxide gas 104 

. 1 8) Ferric oxide 1 04, 1 Oo 

Reduction, in solution, by sulphydrio acid.— Precipitation by am- 
monium sulphide 104 

Precipitation by caustic alkalies and their carbonates.— Reaction with 
potassium sulphocyanate.- Reaction with potassium-ferrous cyanide. — 
Berlin blue.— Structure of this blue 105 

C) METALLIO OXIDES WHICH ABE PRECIPITATED AB BTDEOXIDES BY AM- 

UOKIUV SULPHmS FSOK NEUTRAL SOLUTIONS 106,. 107 

19) Chromic oxide IOC 

Precipitation by ammonium sulphide.— Precipitation by caustic alka- 
lies and their carbonates.— Reaction of alkaline solution of chromic 
oxide with plumbic oxide 100 

20) Aluminie oxide 100, 107 

Similarity to, and distinction from, chromio oxide 106, 107 

Testing for small quantities of aluminie oxide.— Reaction of alkaline 

solution of aluminie oxide with ammonium chloride 107 

D) metallic OXIDES, THE SOLUTIONS OF WHICH ARE NOT PRECIPITATED BT 

AMMONIUM SULPHIDE, BUT ARB PRECIPITATED BT AMMONIUM CARBON- 
ATE 106-113 

81) Barium monoxide 108 

Precipitation from cone, solution by sodium hydroxide.— Precipita- 
tion by sulphuric acid and sulphates.— Reaction with silicofluorio acid— 
(distinction from strontium and calcium). — Precipitation by potassium 

dichromate and further distinction from strontium and calcium 108 

22) Strontium monoxide 108, 109 

Points of similarity to, and distinctions from, barium monoxide. . .108, 109 

28) Calcium monoxide 100 

Points of similarity to barium and strontium monoxidea — Precipita- 
tion with sulphuric acid and with ammonium oxalate 109 

24) Magnesium monoxide 100-113 

Similarity to, and distinctions from, barimn, strontium and calci- 
um.— Precipitation by sodium hydroxide.— Precipitation of basic mag- 
nesium carbonate by sodium carbonate.— Structure of this precipitate. . 110 

Formation of ammonium-magnesium carbonate Ill 

Formation of ammonium-magnesium phosphate 112 

S) METALLIO OXIDES, THB SOLUTIONS OF WHICH ARB NOT PRECIPITATED BT 

ANT OF THE SIX GENERAL REAGENTS 112-114 

25) Potassium monoxide 112, 113 

Reaction with tartaric acid 112 

Reaction with platinic chloride.— Structure of tartaric acid 113 

26) Sodium monoxide 113 

Flame coloration 113 

27) Amm^mia 113, 114 

Similarity to potassium monoxide In its behaTior toward certain re- 
agents.— Characteristic volatility of its salts, etc 114 



CONTENTS. Xlll 

^ PAOB 

n. Acids. 114-138 

A. OXTOEN ACIDS 114-130 

a) Solutions of their neutral salts are precipitated by barium 

chloride 114-127 

1) Sulphuric acid H* 

Precipitation by barium chloride and by lead acetate.— Charring of 

organic substances by evaporating ^vith sulphuric acid 114 

8) Thiosulphuric acid 114-116 

Precipitation with barium chloride, lead acetate, and silver nitrate.— 

Non-existence in the free state 114 

Ready decomposition of thiosulphates. Reaction with ferric chlo- 
ride.— Structure of polythionic acids 115, IIQ 

8) Chromic acid 116,117 

Acid chromates; dichromates, etc 116» 117 

Characteristic color of chromates.— Ready reduction of chromic acid 

to chromic oxide by various reagents. 117 

4) Carbonic acid 118 

Basicity of the acid, etc.— Effervescence of its salts when treated to 

mineral acids.— Precipitation of lime-, and baryta- water, etc 118 

6) SUicicacid 118,_li9 

Basicity and composition of silicic acid 118 

Decomposition of silicates by concentrated and dilute, strong acids.118, 119 
Reaction of silicic anhydride with fluorhydrio acid 119 

6) Phosphoric acid llft-124 

General considerations concerning the tribasic acid, upon the various 
phosphoric acids, phosphorous and hypophosphorous acids 119, 120 

Difference in solubility between diacidic phosphates and monacidic 
and neutral phosphates 120 

Production of diacidic phosphates from monacidic and neutral salts 
by acids 121,122 

Precipitation of neutral phosphates by neutral alkaline phosphates.— 
Precipitation of a monacidic, or of a neutral metallio salt by monacidic 
alkaline phosphates 122, 123 

Evidence that the atom of H exerts a chemical function similar to 
that of the Na atoms in monacidic sodium phosphate 123 

Reaction with ammonium molybdate.— Composition of the precipitate. 124 

7) Oxalic acid 124-126 

Decomposition with sulphuric acid 121-125 

Oxidation by dilute sulphuric acid and manganese dioxide.— Precipi- 
tation with calcium chloride 1 26 

8) Boric acid 126,127 

General considerations of various boric acids 120, 127 

Separation of boric acid from alkaline borates by chlorhydrtc acid.- 

Reactions with silver nitrate 127 

b) Solutions of their neutral salts are not precipitated by ba/rium 

chloride 127-180 

V) Nitric acid 127-129 

Solubility of nitrates.— Copper test for nitric acid 127 



XIV CONTENTS. 

PAOX 

Reaction with ferrous sulphate 128, 1^ 

Decomposition of nitrates by heat 129 

10) Chioncacid 129,180 

Solubility of chlorates 129 

Various decompositions by heat 129,180 

Reaction with chlorhydric acid.— Reaction of chlorates with cone. 

sulphuric acid 180 

b) acids not containino oxygen [hydracids] 131-138 

a) Tlieir neutral mlta are precipitated by barium chloride 131 

11) Fluorhydric acid 181 

Reaction of metallic fluorides with concentrated sulphuric acid.— 

Reaction with silicic anhydride.— Reaction of silicic fluoride with 
fluorhydric acid 181 

b) Their neutral salts are not precipitated by barium chloride.ldl-ld8 

12) Chlorhydric acid 182,188 

Reactions with lead and silver salts.— Reaction of clilorides with cone. 

sulphuric acid.— Decomposition of aqueous chlorhydric acid by man- 
ganese dioxide, and of chlorides by treatment to manganese dioxide 
and sulphuric acid 182 

Decomposition of chlorides by treatment to chromic acid and sul- 
phuric acid 182, 188 

Formation of chromyl chloride.— Distinction from bromine 188 

13) Bromhydric add 188, 184 

Similarity of, and distinctions between, chlorides and bromides 133, 134 

Detection of small quantities of chlorine in presence of bromine.— 

Reaction of bromides with cone, sulphuric acid.— Expulsion of bromine 
from its compounds by chlorine.— Reaction of nitric acid with brom- 
ides 134 

14) lodhydrie acid 135,186 

Similarity of iodides to chlorides.— Distinction between reaction of 

Iodides and that of bromides with cone, sulphuric acid.— Reactions with 
cone, nitric acid and with nitrous acid (and distinction from bromine and 
chlorine).— Expulsion of iodine from its compoimds by free chlorine or 

bromine 136 

Reaction of potassium iodide with cupric sulphate and of this mixture 
with ferrous sulphate 185, 188 

15) Cyanhydrie acid 186,187 

Relations of metallic cyanides to chlorides, etc.— Reaction of cyanides 

with the haloids 136 

Cyanhydrie add and sodium hydroxide.— Formation of potassium 
sulphocyanate and test for the same 137 

16) Sulphydric add 187,188 

Mention of its general properties 137, 138 



EXPLANATOEY NOTES. 



Since this book may fall into the hands of some 
who are not familiar with its system of formulas, 
these few explanations are made in order that no 
doubt may occur to such concerning the indicated 
structure of the compounds considered. These ex- 
planatory remarks should be read in connection 
with pages 8-15 of the text. 

Koman numerals at the right of a letter, or group 
of letters (in these remarks the words letter and 
letter-group are used for the represented atom and 
atoTO-group) indicate the valence of the atom, or 
atom-group thus represented ; in this work, unival- 
ence and bivalence are indicated by marks like 
minute and second marks, respectively. If such 
valence marks apply to an atom-group, the atom- 
group is placed in a parenthesis : C^"" indicates one 

/FeA 
atom of quadrivalent carbon ; but || indicates 

yFe»7 

a quadrivalent atom-group made up of two atoms of 
qtiadrivalent iron connected together by two valence 
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units of each atom ; therefore, four valences remain 
for the atom-group as a whole. 

A large Arabic numeral at the left of a formula 
aflfects the whole of such formula without regard to 
the points occurring between certain letters and 
letter-groups, excepting in the few cases of some 
double salts and other molecular additions (see p. 
66); in these exceptional cases, such a numeral 
affects the formula, commencing with the letter fol- 
lowing the numeral, only as far as to the next point : 
8 NO,.O.H means 8 (NO^.O.H) ; but 4 Fe Qj, . 3 Fe Cy, 
(p. 137) means four times the group Fe Cya combined 
with three times the group Fe Cyj. 

The points occurring serve to indicate the sup- 
posed grouping of the atoms in the given molecule, 
and in all cases, excepting the few cases of "mole- 
cular addition' ' (p. 66), they also indicate, taken in 
connection with the valence marks, the arrangement 
of the atoms and atom-groups. Let us consider this 
more closely : a point occurring between two single 
letters indicates that two such letters are joined 
together, thus : H.O.H means H to O and O to next 
H ; but a point occurring between a single letter and 
a group of letters means that the single letter is con- 
nected to the group ; to which particular letter of 
that group is rendered evident by the valence of the 
atoms, thus: C^^'O^.O" does not mean that the two 
O's are directly joined together, but indirectly 
through the mediation of the atom of C, as follows : 

C ~ Q in which the bars indicate connection based 

upon valence units, we might say : valence connec- 
tions. The same regard to the valence of the atoms 
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will render plain the iadicated connections when a 
point occurs between two polyatomic gronps, or 
when a formula is divided into several such groups, 

C— H 

thus : C'H' .CO'.O'H' means It la evident 

C=0 



i 



that such formulas may become inconvenient in a 
book si)ecially intended to be comprised within as 
narrow confines as possible, and that they may be 
rendered wholly unnecessary by such simple devices 
as those adopted in this book and so often elsewhere. 
But the student may find still other instances 
wherein there seems to lurk some ambiguity. 
For instance, in a formula like the following: 
N^O^.O^H; evidently H is connected to O and this 
O to the group NO^, either to one of the O' s of the 
Oj or else to the N ; but further, how are the O 
atoms of the group NO, arranged ? Are they con- 
nected directly with each other or only indirectly 
through the mediation of the N ? Here again the 
valences settle the question. It is seen that N has 
five valence units to be satisfied ; if we were to write : 
N— O— O— O— H, four valences of N would be left 

/O 

^ i 
unsatisfied ; also if we write : I \0 we have two 

--H 

* This structure formula for nitric acid is advocated by some 
writers. Its adoption involves the tervalence of the nitrogen atom. 
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valences of ^N" unsatisfied; the same is true if we 
write : N~Q_QTT Finally it is plain that the 
only structure which satisfies the conditions is : 

=0 
O 
OH 



N=0 



It should be remembered by the beginner that in 
every such case of connection between two atoms 
as the following: H— H, the bar represents one 
satisfied valence unit for eojch atom. 

One more device remains to be noticed, — the 

brace ] . The single brace does not indicate that 

the atoms or atom-groups which it ties are directly 
connected with each other, but indirectly through 
direct connection with the atom or atom -group out- 
side of it (this when no point intervenes between 
brace and atom or atom-group outside of it) ; thus : 

S^^O, I Q 2 (page 47) means SO, . In the case 

\0H 
of a double brace, each part of it is to be similarly 

interpreted : Ca' ] q i SO, (page 109) means 

Ca SO,. The double brace is sometimes em- 

» \0/ 

ployed as common parenthesis or bracket (p. 102), 

where its sense is evident. 

Whenever connecting bars are employed, they not 

only represent connections depending upon valence, 
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as do all of the devices above considered, but they 
indicate by their number the number of valence 
units so satisfied ; in this respect they perform more 
than the points, unless, as is frequently done, points 
be used exactly as bars are used, in which case they 
also indicate by their number, directly, the number 
of valence units which they represent (see note, p. 
99). Thus, in Ca'^.O and Ca=0, both the point in 
the one, and the two bars in the other, formula in- 
dicate a connection based upon valence, but the 
point expresses the matter less completely than the 
two bars, since the latter show hom many valences 
(two of each atom) are satisfied ; in the form Ca^.O 
it really requires the point and the valence marks to 
do as much. Valence numerals are customarily 
omitted, in this book in many cases, where f amilarity 
renders their insertion superfluous. Likewise the 
point is often omitted in familiar connections within 
familiar groups, as in OH for O.H ; so in NO,. OH 
for NO,. O.H, etc. It is believed that the foregoing 
remarks, together with the following examples taken 
from the text, will make the system adopted in the 
book perfectly intelligible to the beginner, even for 
cases which it did not seem necessary to notice 
specially : 

J^e^ CI 





(page 5) = Jl ^^ 



(page 6) = II j:^^ Zq 
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so. |gg (pageT) 



= S 



C j^'l.CO.O.H (page?) = 



^0-H 
=0 

^0-H 



C— H 
CI 



0=0 
\0-H 



O.H 

2As'0 -^O.H (page 96) 

O.H 



= 2 




Fe'" \ / Fe'^ 



Fe 







O 



Fe 



(page 16) 



Fe 
Fe 



O 

0\ 
0/ 
O 



0= 



Fe = Fe 



\0 
O 



Fe 



e 



H 

A 

C.H..C0.0.H (page 20) = H-C . 

I II 

H-C C 

c 



-H 



C=0 
0-H 
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Bi 



/// 



0.N0, 

0.N0. (page 36) 

0.N0. 



= Bi; 



o-n; 
o-n; 

O-N 



o 
o 
o 
o 
o 
o 



(See note, page xvil of these notes.) 



Cu 



,0H 



/0-H 



9 I CO (page 88, note) = Jo^^"^ 
OH ^^\0-H 



O 



-O./CO 




O./COV 

o.\6o) 

O.Wo)^ (P«ge 98) 

o./coV 

-OAcio/ 



.0 

Mn^O 

O 

O 

Mn^O 

O 



C=0 
(^ = 
C=0 

6=o 
c = o 

(^ = 




(page 122) = 



0=P— o/^"^ 

o 

\ 

Pb 



0= 



/ 
xO 

P— 0^ 

\0-^ 



Pb 
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MOLECULE ; ATOM.— REACTIONS. 

When we divide a compound substance me- 
chanically we always obtain only smaller parts of 
the same substance, possessing the same compo- 
sition and all of the same properties which charac- 
terized the original compound. We can conceive 
of continuing this process of division until a limit 
is reached, beyond which, were further division to 
be made, we should not obtain parts of the same 
kind. This division, however, cannot be accom- 
plished by mechanical means, but only by chemical 
agency. For example, if we pulverize mercuric 
oxide as finely as it is possible for us to do, we 
shall still see under the microscope only distinct 
grains, all of a kind. If, on the contrary, we heat 
the same substance sufficiently, we observe that the 
mercuric oxide suddenly vanishes, and that in its 
place two substances appear — ^mercury and oxygen. 
Consequently the mercuric oxide, each smallest part 
of it, must have resolved itself into these two sub- 
stances, which, therefore, must have been contained 
in each of those smallest parts of the substance de- 
signated mercuric oxide. These smallest mass-parts 
which cannot be further mechanically divided but 
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only chemically, and which then separate into nn- 
like parts, are named molecules (or physical atoms), 
while their component parts are called atoms (chem- 
ical) when these are single, and atom-groups or 
radicals (compound) when they are again com- 
pounded. The simple atoms are not further divisi- 
ble either by chemical or mechanical means. Cer- 
tain facts compel us to assume that the smallest 
mass-parts, or molecules, also of simple bodies, 
i.e., of such bodies as cannot by any means be 
separated into unlike components, consist in most 
cases of at least two atoms which are alike in- 
ter se.* 

It is clear that the customary definition of mole- 
cule as the smallest quantity of a substance which 
is capable of existence in the free state accords fully 
with that given above, the mode of its deduction 
simply being somewhat different. 

It is these molecules among which, and through 
the reciprocal workings of which, the phenomena are 
produced which we call chemical processes, or in 
general, reactions. If we investigate the composi- 



* The molecules of cadmium and mercury in the state of vapor are 
regarded as consisting of only one atom. In the case of mercury, 
special evidence in support of this view has been adduced from the 
determination of the velocity of sound in mercury vapor, indicating 
that there is no intramolecular motion, and hence the molecules do 
not consist of several smaller parts (atoms) free to move about each 
other. (Pogg. Ann., 1876, Bd. 157, S. 353.) 

The vapor densities of arsenic and phosphorus indicate four 
atoms to the molecule, while sulphur at a temperature above 800° C. 
appears to possess two, and at about 500° C. six, atoms to the mole- 
sule. 
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tion of those molecules which were present before 
the advent of a chemical reaction, as well as of 
those newly formed molecules found to be present 
after its completion ; and if we compare, further, 
the results thus obtained, we shall find that the 
chemical process, the reaction, between the unlike 
molecules consists simply herein : that the atoms, 
atom-groups or radicals which constitute the mole- 
cules separate from each other and then reunite, 
forming new, differently constituted molecules ; and 
further, that the sum of all of the atoms which take 
part in the reaction is unchanged hereby, while the 
sum of the molecules before the reaction may be 
different from that after. According to the changes 
in the composition of the molecules present brought 
about by the reaction, the following distinctions 
among chemical processes may be made : 

1) Dovhle or reciprocal decomposition^ mutual 
exchange of two atoms or atom-groups ; under this 
head belong such rea<5tions as the following : 

KCl + NOs^O. Ag = AgCl + NO,.O.K. 

Potassiuin SilTer SilTer Potassiuin 

chloride. nitrate. chloride. nitrate. 

so, j %^l +Ba'Cl, = SO, I § } Ba' + SNaCl 

Sodium Barium Barium Sodium 

Bolphate. chloride. sulphate. chloride. 

so, I § } M' + 2K.0.H = Ni' { 8:1 + SO, { g;| 

Nickel Potassium Nickel Potassium 

sulphate. hydroxide. hydroxide. sulphate. 



i *-y& 
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Here should be classed also direct combination^ 
of two elements, processes ^Mch may be repre- 
sented as simple additions and which we^e formerly 
regarded as such : 



H, + CI, = 2'iiCl* 

Hydrogen. Chlorine. Chlorhydiio 

acio. 



K, + I, = SKI 

Potassium. Iodine. Potassiuni 

iodide. 



2) Simple ddditixm^ direct union of two or more 
molecules forming a single one : 



PCI. + CI, = PCI, 



6 

tricfiloride. pentachloride. 



Phosphorus Chloriqe. Phosphorus 
ichlo] * 



CO + a. = co.ci. 

Carbon Carbon oxychlorlde 

aoonoxide. (Phosgene gas). 



NH, + HBr = NH,Br 

Ammonia. Bromhydric add Ammonium 
(Hydrogen bromide). bromide. 



NH. + NO,.O.H = NO..O.]!ra. 

Nitric acidt Ammonium nitrate. 



3) Addition accompanied hy the hreaJcing up of 
one or more molecules ; here belong some oxidation 
processes and direct unions ; the number of mole- 



♦Thus: H.H + C1.C1 = H.C1 + BLCL 
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cules present after the reaction is smallet than be- 
fore it.* 



Pe^^Xd, 

Pe^vyci, 

Ferrous cnloride. 

P. + 

PhC'phorus. 



+ ci,= 



Chlorine. 

61, = 

iodine. 



e^^ \ CU 



p^ivy CI, 

errlc chloride. 



4PI, 

Phosphorus 
tri-iodide. 




4) Simple resolvtion of one or more TnolectUes 
into two or several Tnolecules : 



PCI, : 

Phosphorus 
pentachloride. 



PCI. + 

Phosphorus 
tricluoride. 



ci. 

Chlorine. 



o. 



2H.0.0.H = 2H,0 + V,, 

Hydrlc oxide Water Oxygen. 

(Hydrogen peroxide). (Hydrous oxide). 

2Ag,0 = 2Ag, + O, 

Aigentic oxide. Silver. Oxygen 



* This really includes the preceding case 2), :anco in the examples 
falling under it one of the combining molecules Is broken up, and the 
number of molecules after the reaction is less than before it: 

a 



POs + Cla = PCU means 



a 

:P-^C1 
(CI 



+ C1.C1 = P ^ 



CI 

CI; t.«., the chlorine 
CI 
CI 
moleciile is sundered, etc. 

t Such reactions as this one are often, and not improperly, written 
in the simplest stoichiometric proportions, thus: FeCl3-|-Cl=FeCl9; 
only we should remember that this latter form does not express 
molecular weights. But when for the ferric chloride the molecular 
weight of the vapor, FeaCl«, is written, FcaCU should be written, for 
the ferrous chloride. Strangely enough this x)oint is not always ob- 
served and the inconsequence is a vicious one, since the simultaneous 
employment of the formulas Fe.'Tla and FeCla would Indicate that, 
by the conversion of the ferric into the ferrous chloride, a funda^ 
mental breaking up of the molecule occurs, while in reality, at the 
thost, the reverse is true. (See Lothar Meyer, " Die Modemen Theo- 
den der Chemie," 8te Aufl. 8. 231.) 
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2C!10,.0.K = 2KC1 + 30, 

Potassium Potasdum 

chlorate. chloride. 



e'^ \ ( n ) . _ * 



-/jgfso. 




o' + so,.o + so. 



Ferrous solph&te. Ferric oxide. Sulphuric Sulphurous 

anhydride, anhydride. 

Here belongs also the case of the immediate de- 
composition of a molecule issuing from a reaction 
by double decomposition : 

CO { gjj^ + 2HC1 = 2NaCl+ CO | g;g = 

Sodium Chlorhydric Sodium 

carbonate. acid. chloride. 

2NaCl + H,0 + OO.Ot 

Water. Carbonic 
anhydride, 

* It may be noticed that this is not the formula usually written for 
ferrous sulphate, FeSOi, but its double. If, however, molecular 
weights are to be represented, and if, for iron compounds, we wish 
to write formulas which shall not be inconsequential (see note on 
page 5), we should assume for ferrous sulphate a moL wt at least <m 
large as FcsSsOs if we write FetCU, FcsCU, etc. Thus . 

vi It 



/Fe»A==Cl, /Fe»A=Cl, 

\Fe» V = a, ^ \Fe» V =C1, ' 



but not FeCls 



and, correspondingly: 

vi iv 



(Fe»A=0 /Fe»A=0 

I )=0 and ( II ) 



butnotFeO; 



and hence: 

I Z o [ ®^« *°^ f ) • ^®* ^®^* 

.fL/ Z o } S^« \Fe«V - O i 

t In general, the combination of two groups of OH (hydroxyl) to 
one and the same carbon atom is ma:ntained with difficulty. 




-0^0, 
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There are still other reactions which appear to bo 
somewhat peculiar, as the expulsion of one element 
from its position by another, or substitution ; upon 
closer inspection, however, it is found either thai 
such reactions are simply cases of mutual exchange : 

NO,.O.K + SO. { gg = NO..O.H + SO. j g| 

Potassium Sulphuric Nitric Add potassium 

nitrate. aci<L add. sulphate. 

CH..CO.O.H + CI, = c I ^' I .CO.O.H + HCl 

Acetic add. Chlorine. Monochloracetio ChlorhTdilc 

acid. acid. 



or, as it is customarily expressed, that they take 
place in two stages, i.^., the molecules formed by 
the first reaction immediately enter into a new re- 
action, and hence not these molecules but the pro- 
ducts of this second reaction first become percepti- 
ble to us. For instance, the expulsion of iodine by 
chlorine : 

L KI + CI. = KCl -f ClI. 

Potassium Chlorine. Potassium Chlorine 
iodide. chloride. iodide. 

n. KI + en = KCl -f I. 

or: SKI + CI, = 2KC1 -f I. 

The instance, dt«d above, of the decomposition of 
sodium carbonate by chlorhydric acid belongs here, 
inasmuch as the carbonic acid [dibasic carbonic 
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acid], separated at first, immediately decomposed 
into water and carbonic anhydride. 



VALENCE OF THE ATOMS. 

The smaller parts into which we divide the mole- 
cule by chemical agency are either simple, so-called 
elementary, atoms ; or radicals, ttat is to say, groups 
of atoms. In the following discussion we shall first 
consider the former kind. Since we cannot further 
decompose these atoms, either by mechanical, phy- 
sical or chemical means, we must assume that these 
atoms as such, as totalities, as integers, enter into 
chemical combinations and continue to exist in 
these. It follows from this that the weight of a 
molecule is equal to the sum of the weights of the 
atoms constituting it ; and further, that these atoms 
combine among themselves in quantities which rep- 
resent multiples, in whole numbers, of the weights 
of the individual atoms themselves. This is nothing 
else than the law of multiple proportions. If we 
know that a molecule M consists of a atoms of an 
element A, and b atoms of an element B, and if, 
further, the weights of each atom of A and of B 
referred to the same unit are related to each other 
as p : p', then is the weight P of th^ molecule M :— 
P = ap + 6p' ; if then c atoms of the element C of 
an atomic weight p'^ enter into the combination, we 
have : 

p/ = ap + Jp' + (^% etc. 
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We do not know the cause of the combination of 
two atoms with each other ; in order to explain the 
matter to ourselves plausibly we assume a peculiar 
power of attraction, chemical affinity, which is at 
work between the atoms and binds them together 
into molecules. The nature and working method 
of this force are wholly unknown to us. For our 
purpose it is quite sufficient to acquaint ourselves 
with a single property of this force which is re- 
vealed by a comparison of the composition of dif- 
ferent molecules. We find that the atoms of two 
elements, for the most part, can unite with each 
other not only in one single proportion but in 
several. For example, tin and chlorine form both 
the compounds stannous chloride and stannic chlo- 
ride by the union of 

1 at. tin -j- 2 at. chlorine = 1 mol. stannous chlo- 
ride.* 

and, 
1 at. tin -f- 4 at. chlorine = 1 mol. stannic chloride. 

A number of other elements behave similarly ; for 
instance, iron, copper, platinum, etc.; one atom of 
each of these substances can unite with chlorine in 
more than one proportion, an assumption the correct- 
ness of which is proved by the existence of two or 
more compounds of the same metal with chlorine. 
There are substances, however, whose atoms can 
combine in only one proportion with each other. If 



* Sec note, page 12. 
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we choose as nnity the chemical atom-fixing power 
of an atom which is not in condition to bind more 
than one atom of any othet element, and refer to this 
standard the amount of chemical atom-fixing power 
of any other atom, we obtain its atom-fixing power 
or valeTice expressed in such units. As such unit or 
standard the valence of hydrogen has been selected. 
Further, if we compare the corresponding combi- 
nations of one and the same multivalent atom (that 
is to say, combinations in all of which the atom 
considered exerts the same atom-fixing power or 
nalence) with other atoms of any other valence, we 
acquaint ourselves with the quantities of these last 
atoms which, among each other, possess equal chemi- 
cal atom-fixing powers and are, therefore, equiva- 
lent. Thus, the following compounds of the metal 
cadmium are known : 

CdO CdS CdCl, CdBr, Cdl. 

^e"- «s?5K ^o^r Mr ^foXf 

In all of these compounds cadmium appeara with 
the same valence ; each compound may be converted 
into the other by double decomposition ; they cor- 
respond to one another perfectly ; hence, we con- 
clude that the quantities of oxygen, sulphur, chlo- 
nn^ bromme and iodine expressed by the symbols 
u, &, K.l„ ±{r„ I, all have the same chemical atom- 
fixing power, or are equivalent. Moreover, it follows 
that one atom of oxygen or of sulphur is always 
equivalent to two atoms of chlorine, bromine, or 
lodme ; also, that if the last-mentioned elements must 
be regarded as univalent, which is in reality the 
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case,* then mtist oxygen and sniphur be considered 

as bivalent, t 

Very often a multivalent atom enters into combi- 
nation with fewer other atoms than it is capable of 
binding, and this combination of atoms can then 
bind as many more atoms as may be necessary to 
saturate the full valence of the original multivalent 
atom. The former sort of compound is called un- 
saturated, in contradistinction from the latter so- 
called saturated compound. In this sense one atom 
of carbon (which is quadrivalent) combines with one 
atom of oxygen to form the ^s carbon monoxide 

* See note, page 41. 

f The statements in the text are not to be considered final. If 
we were to consider only the above comx)ounds of cadmium in 
connection with the data there given, the conclusions of the text 
would be all that could be attained, and it would follow that an atom 
of S or of O is always equivalent to two atoms of CI, etc. But in 
reality, it is found that an atom of S can, and does, bind four atoms 
of CI, which would make it not bivalent but quadrivalent, u:.less, in- 
deed, SCI4 be regarded as a case of "molecular addition** (SCU + Cla), 
against which view the weight of argument seems to militate; another 
even more convincing instance of the quadrivalence of b is furnished 
by the compound : 



S |§^g^»°+^^ 



(Oefele, Ann. Chem. Pharm., Bd. 132, 1864, S. 82.) 
In sulphuric acid, S is considered by most chemists as sexivalent: 

nevertheless, not a few chemists, who ecill regard S as bivalent, 
t/rite for sulphuric acid: HO.S.O.O.OH. 

The whole question as to the variability of the valence ox the ele- 
mentAry atom is one of the most important questions bearing upon 
the science, and perhaps one may look for further fruitful iEvestigjv* 
tion respecting this subject in the direction of thermo-chemlstry, 
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[carbonous oxide], (C^^'O'')'', in which only two of 
the valences of the carbon atom are brought into 
activity.* 

But this gas is itself combustible ; that is to sav 
is an unsaturated compound, and may unite with 
still another atom of oxygen, producing thereby 
carbonic anhydride (C^^'C)" O", which is, on the other 
hand, a saturated compound. The relations are sim- 
ilar between stannous chloride, Sn'^'Cl^t and stannic 
chloride, Sn^'^Cl^, and there are many other like in 
stances. 

Such cases possess still a special interest for us, 
since they render evident what we are to understand 
by a radical or atom-group. One molecule of carbon 
monoxide unites with one atom of oxygen, produc- 
ing one molecule of carbon dioxide [carbonic an- 
hydride], which represents a saturated compound. 
Concerning the construction of the molecule of car- 
bonic anhydride we can have the following two con- 
ceptions : a simple combination of one atom of carbon 
with two of oxygen, of which oxygen atoms each 

* The view sometimes urged that the two remaining valence units 
of the C atom are active in saturating each otlier is incapable of 
extension to such compounds as NO and NOa, if N be of uneven 
valence. 

t It has been shown, quite recently, (V. and C. Meyer, Deutsch. 
Chem. Ges. Ber. XII, 1195) that the proper molecular weight for 
stannous chloride is double that which has been hitherto ordinarily 
written. Nevertheless, its correct molecular formula, SngCU, still 
represents an unsaturated compound, the two tin atoms being con- - 
nccted by double valences, as in the case of ferrous chloride (c-io 
p. 6): 



/sAa, 

VSn/Cl, 
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exerts exactly the same chemical activity; or a 
combination of the original unsaturated compound, 
carbon monoxide, as a whole by itself, with one 
atom of oxygen, which latter oxygen atom will then 
possess another chemical function different from 
that of the oxygen atom originally in the carbon 
monoxide. By formulas these two views may be 
expressed as follows : 

1. CO + O = CO, 

2. CO + O = (C0)0 

Carbon Oxygen, Carbonic 

monoxide. anhydride. 

Tlxe idea of the atom-group, or radical, will become 
still clearer by a consideration of the compound, 
ammonium chloride, or of the ammonium com- 
pounds in general. By analysis we know that one 
molecule of ammonium chloride contains one atom 
of nitrogen, four atoms of hydrogen, and one atom 
of chlorine. This compound is quite similar to 
potassium chloride, the molecule of which consists 
of one atom of chlorine and one atom of potassium. 
In both molecules the chlorine atom may be re- 
placed by an atom of bromine or of iodine, and 
in this manner we obtain from the ammonium 
chloride a compound of one atom of nitrogen, 
four atoms of hydrogen and one atom of bromine 
or iodine; from the potassium chloride, on the 
other hand, a combination of one atom of potas- 
sium with one atom of bromine or iodine. In other 
words: while in the one series of compounds the 
atom of potassium remains and is combined now 
with chlorine, now with bromine or iodine, in the 
other series of compounds the nitrogen atom and the 
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four hydrogen atoms are the components which we 
meet in all three substances : 



(NH,) CI 

Ammonium chloride. 


KCl 

Potassium chloride. 


(NH,) Br 

Ammonium bxx>mide. 


KBr 

PotacBium bromide. 


(NH,)I 

Ammonium iodide. 


KI 

Potassium Iodide. 



We assume, therefore, that the nitrogen atom 
and the four hydrogen atoms constitute an atom- 
group which, as a whole, is in a condJ^aon to 
play the same role, can exert the same chemical 
function in combinations, as that of an elementary, 
simple atom. The principle of this consists in that 
such a radical * is always an unsaturated compound 
and owes its origin to the circumstance that the 
valence units of a multivalent atom have been only 
partially saturated by other atoms ; the valence 
units still remaining free determine then the valence 
of the radical thus formed. Nitrogen is, for ex- 
ample, a quinquivalent element; that is to say, a 
nitrogen atom is capable of binding five other univa- 
lent atoms ; if it unites with four hydrogen atoms, 
there then remains one free valence unit which, in 
ammonium chl )ride, is satisfied or saturated by the 
chlorine atom just as the single valence of the potas- 
sium atom is satisfied in the compound potassium 

* The term "rest" is widely used to denote the same thing, a term 
formerly employed by Gerhardt. All compound "rests" are unsat- 
urated molecules; but while many of the latter are known to exist in 
the free state, this can be said of but few so-called "rests." Single 
elementary atoms may be regarded as simple "rests." 
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chloride. Sometimes two or more atoms of the same 
element combine with one another, forming a double 
atom (radical) which naturally gives rise to a series 
of combinations different from that of the single 
atom, and is of a different valence from that of the 
single atom. Iron, Fe, is quadrivalent ; in ferrous 
chloride two atoms of Fe'"" are connected with each 
other by two of the valences of each atom, while the 
remaining four valences are saturated by chlorine : 



Ferrous chloride. 



In ferric chloride, on the contrary, the two iron 
atoms are bound together by only one valence of 
each atom, and the remaining six valences are satu- 
rated by chlorine : 

e^^Cl, 

J Ferric chloride.* 

Fe^yCl. 

The fact that the free valences of a radi-sai can be 
saturated by other radicals instead of by elementary 
atoms scarcely needs any special explanation; in 
this way we attain to molecules of constantly in- 
creasing complexity, in which the department of 
organic chemistry is so especially rich, and we find 
at the same time that the number of atoms which 
can combine to a single molecule is, a priori^ un- 
limited. 




* See note, page 5. 



16 DEECHSEL^S IIH'EODUCTIOK. 

OXIDATION AND REDUCTION. 

By oxidation is understood, primarily, the com- 
bination of any substance with oxygen ; by reduc- 
tion, the reverse process, the abstraction of oxygen 
from a compound. Iron subjected to the action of 
moist air rusts by assimilating oxygen from the air ;* 
likewise, ''scale oxide" is formed upon iron by oxi- 
dation when it is brought glowing into contact with 
air. In both cases a combination of iron with 
oxygen, an oxide, is generated, which covers the 
metal with a film. Phosphorus bums in air, by 
which process it combines with the oxygen of the 
air to form phosphoric anhydride ; carbon oxidizes 
under similar circumstances to carbonic anhydride : 



3Fe,+4 0,= 



Fe*^\ O'' O /Fe*^ ^ 

g } (Fe*^=Fe*0'' jo 

Fe*V O O \Fe^^ 

'Scale iroii."t 



P^ + 5 0, = 2(P0,.0.P0,) 

Phosphorus. Phosphoric anhydride. 

c + o, = co.o 

Garbon.t Carbonic anhydride. 



* Calvert has shown (Chem. News, xxiii. 98) that ordinary rusting 
of iron is largely due to the carbonic anhydride of the atmosphere. 

t "Scale iron" appears to consist of two layers, the outer one of 
which contains a larger amount of ferric oxide than the inner one, 
but in varying proportions. The inner layer has had the formula 
6 FeO.FeaOf assigned to it. (Mosander, Pogg. Ann. vi. 35.) 

X We do not know how many atoms of carbon are contained in Its 
molecule. 
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CompoTUids may oxidize still further, just as tlie 
elements in the above illustrations oxidized : 



2C0 + O, = 2C0.0 



Carbon 
monoxide. 



Carbonic 
anhydride. 



2 so, + O, 

Sulphurous 
ai 



lulphurous 
tnhydride. 



= 2S0,.0 

Sulphuric 
anhydride. 



2H,S -f O. = 2H,0 + S, 



Hrdrous 
guiphide. 



Water Sulphur. 

[Hydrous oxide]. 



H,S + 2 0, = 



SO, I 8:h 

Sulphuric acid. 



2 PCI. + O. = 2P0C1. 



Phosphorus 
toicmoride. 



Phosphorus 
oxychloride. 



/Cu' 



2 



Vou' 

Cuprous oxide. 



10 + 0. = 4Cu'0 



Th'^XO 



Cupric oxide. 



6PbO+0,= 



Plumbous oxide. 



Pb' V O 



Ig I (Pb"' = Pb'^f I g 




O \Pb'^ 



"Minium. 



11 



The oxygen necessary to accomplish the oxidation 
of a substance, however, may be obtained from a 
compound abeady containing oxygen, this latter 
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compound thereby suflfering reduction. Such sub- 
stances which easily give at least a portion of their 
oxygen to other substances are called oxidizing 
agents. Evidently, every substance is, with respect 
to every other substance which is capable of ab- 
stracting oxygen from it, an oxidizing agent, and 
inversely this oxygen abstracting substance is, 
with respect to the compound from which the oxy- 
gen is taken, a reducing agent. In this sense the 
following reactions ensue : 

Ag, + 2SO,j3|=SO,{g^ +2H.0 + S0. 

Silver. Sulphuric actf Silver ^Alphate. Sulphurous 

anhydride. 

3Cu' + 8N0,.0.H= 3(^Q*Q > Cu' )+2NO+4H.O 

Copper. Nitric add. Copper nitrate. Nitrogen Water. 

monoxide^ 

2MnO..O.K + 6M|^ J g^^^' + 8S0,|g;| = 

Potassium Feirous sulphate. Sulphuric add. 

permanganate. 

3 SO.+ SO.{8:i + 2SO. jgJMii' 




"'8 [SO. 

Ftaric sulphate. Potassium sulphate, lianganous sulphata. 

+ 8H,0 

WiOer. 
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In these cases it was oxygen which effected the 
oxidation. Instances occur wherein chlorine or 
bromine work analogously : 



SnCl, + CI, 



stannous 
chloride.* 



Chlorine. 



SnCJl, 

Stannic 
chloride. 



P, + 6 Br. = 4PBr, 

rhosphorua. Bromine. 



Phosphorus 
tribromide. 




+ ci,= 



VCl, 

Ferrous chloride. 




.Pe/ CI. 

Ferric chloride. 



These reactions are plainly quite similar to the 
oxidation processes cited above; the oxides, chlorides, 
bromides, etc., produced correspond to one another 
perfectly with regard to their composition, and may 
easUy be converted into one another. 

The chemical processes which lie at the foundation 
of the examples just presented are not always of 
precisely the same kind ; rather must we distinguish 
<^ases where, through such oxidation, a change in 
the valence of the oxidized atom occurs from those 
in which mere substitution in consequence of 
double decomposition results. The oxidation of 
hydrous sulphide takes place in two different senses 
and is naturally attended by quite different results. 
The first equation shows that the hydrogen of the 



* See note, page 13. 
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hydrogen sulphide is oxidized to water by the oxy- 
gen, and that sulphur is separated : 

2 H,S^ + O^ = 2 H,0" + S\ 

This reaction consists simply in the substitution 
of the bivalent sulphur by the bivalent oxygen ; the 
hydrogen remains univalent as at first. The matter 
is different in the case of the formation of sulphuric 
acid from the same materials : 

H,S + 20, = H,SO, * 

In this case bivalent sulphur changes to sexivalent 
sulphur, all of the valences of which are saturated 
by oxygen, at the same time the direct combination 
between the sulphur atom and the hydrogen atoms 
is sundered and is indirectly restored by the medi- 
ation of the two oxygen atoms. The mechanism of 
the process so described may be represented by the 
following equation : 

H,S' + 20^ = {SrK>\Y j g/g 

This latter modality of oxidation, the insertion of 
an oxygen atom, occurs very frequently in the oxi- 
dation of organic compounds. Upon this method 
depends the oxidation of aldehydes to acids : 

2 CeH,.CO.H + O, = 2 CeH,.CO.O.H 

Benzoic aldehyde. Benzoic add. 



♦ See note, page 11. 
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The diflPerence of this sort of oxidation becomes 
more apparent when we effect the oxidation by a 
univalent atom, as^chlorine. In the case of oxida- 
tion with increase of valence [or in such cases as are 
represented by the last equation, where no such in- 
crease of valence occurs] the oxidizing atoms are 
simply incorporated, nothing being set free from 
the molecule, hence the molecule contains more 
atoms after the completion of the oxidation than 
before (see the examples cited above). If, on the 
contrary, chlorine acts upon benzoic aldehyde, 
chlorhydric acid is separated and the benzoyl chlo- 
ride produced contains exactly the same number of 
atoms as the benzoic aldehyde : 

CeH,CO.H + CI, = C.H,C0.C1 + HCl 

Benzoic aldehyde. Chlorine. Benzoyl chloride. Chlorhvdiic 

acid. 

[this latter reaction being a case of substitution by 
double decomposition]. 

The preceding illustrations are sufficient to show 
that the term oxidation denotes processes differing 
much among themselves.* 



* With us it has been customary to regard oxidation and reduction 
as terms signifying processes the reverse of each other, and yet we 
very generally attach a much more extended meaning to the word 
reduction than to oxidation. We speak of reducing an oxide, sul- 
phide or chloride, when oxygen, sulphur, chlorine, etc., are abstracted 
from these compounds respectively, while we restrict the application 
of the term oxidation to cases wherein oxygen is supplied to a com- 
pound, or some element is abstracted from it by oxygen. It will be 
seen that the author, throughout this work, ha^ extended our custom- 
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The same is evidently true of the reduction pro- 
cesses ; in many cases a lowering of the valence is 
entailed, as in the reduction of* sulphuric acid to 
hydrogen sulphide : 



S 



Sulphuric acid. Hydrogen. Hydro^n Water. 

sulphide. 

In many instances, however, such is not the re- 
sult, as in the reduction of nitrous acid to ammonia : 

N'^'O.O.H + 3 H, = K'^'H. + 2 H,0 

Nitrous acid. Ammonia. 

In this latter case the valence of the nitrogen atom 
is unchanged. 



SOLUTION OF THE METALS AND METALLIC 

OXIDES. 

Most of the reactions which serve to distinguish 
and to separate substances from one another in the 



ary use of the term oxidation to correspond, in an opposite sense, to 
our application of the term reduction. In the stricter sense of the 
word oxidation FcaCle would be an oxidation product when formed 
from FeaCU by oxygen, thus : 6 FcaCU + 3 Oa = 2 FcaOs + 4FcaCle ; 
but if it be formed by simple addition of chlorine, as when FeaCU is 
heated in chlorine ga^ which may be represented by the equation of 
the text, FcaCU + CU = FcaCl., the FcaCl. would be called a hi^er 
chlorinated product. 
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course of analysis can be effected only in solution ; 
it is necessary, therefore, before we can test for a 
metal by these reactions, to bring it into solution. 
This solution, however, does not complete itself in 
the simple manner of the solution of a salt in water, 
but entails first the formation of some chemical 
compound of the metal and then the solution of this 
compound in the surrounding liquid. From what 
has been stated about oxidation, in the foregoing 
section, it is suflBiciently apparent that it is chiefly 
an oxidation process which is concerned in the solu- 
tion of a metal. The different methods by which we 
may bring about such have been already described, 
in general, and it only remains to elucidate some- 
what more fully the prevailing behavior of the 
metals in particular. We shall then pass to a 
closer consideration of the action of the principal 
solvents. The simplest kind of oxidation is evi- 
dently that whereby the metallic atom unites di- 
rectly with the oxygen atom. Many metals do this 
even at the ordinary temperature when they lie ex- 
posed to the air, especially if the air be moist. The 
polished surface of the metal loses its luster and 
becomes coated with a film of oxide or of a hydrox- 
ide which often abstracts carbonic anhydride from 
the atmosphere and becomes converted into'a basic 
carbonate. Of the more commonly occurring metals, 
which alone enter into our discussion, iron, lead, 
copper, zinc, and arsenic are the ones which become 
most easily covered with a film of oxide ui)on ex- 
posure to the air. Indeed, iron, in a finely divided 
state such as that resulting from a reduction of 
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ferric oxide by hydrogen, is pyrophorous, taking fire 
at once in the air, and^ glowing, bums to ferric 
oxide. Far easier than at the ordinary temperature 
does such oxidation take place when the metal is 
heated in air, or better, in pure oxygen. Under 
these conditions tin, antimony, cadmium, bismuth 
aiid mercury are oxidized, and the easier the higher 
the temperature (in the case of mercury, however, 
the oxide decomposes at a temperature but little 
higher than that at which it formed) ; also nickel 
and cobalt, in a dense state, oxidize at the tempera- 
ture of incandescence ; even silver when heated in the 
blowpipe flame to near its vaporization point gives a 
coating of silver oxide upon the charcoal. Only 
gold and platinum remain absolutely unattacked in 
the air. The combinations of metal with oxygen 
which are obtained in this way are called, in general, 
oxides. According as the oxides exhibit a lower or 
higher degree of saturation — that is, contain with, 
reference to a fixed number of metallic atoms a 
smaller or greater number of oxygen atoms — ^they 
are distinguished by the terms -ous oxide, -ic 
oxide, sesquioxide, superoxide, bioxide [oftener and 
better dioxide, corresponding to monoxide], -ous 
ainhydride, -ic anhydride, per-ic anhydride [or 
oxide], etc. The term -ous-ic oxide denotes a com- 
bination of two different oxides of the same metal. 
An absolutely definite meaning respecting the com- 
position of oxides is generally attached, as a result 
of usage, only to the expression sesqui- and 6z-oxide 
(instead of which the term super-o^die is often 
used) ; in the first case there occur three atoms of 
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exygen to two of metal ; in the latter, two atoms of 
oxygen to one of metal.* 

The chemical characters of the metallic oxides 
differ widely and depend greatly upon the nature of 
the metallic atom itseU. Generally speaking, how- 
ever, so much may be said : the lower oxides are of 
a more basic, the higher ones of a more acid, nature. 
Hence, the intermediate oxides such as the sesqui- 
oxides are possessed of but feeble basic properties, 
the dioxides are indifferent compounds which, for 
the most part, do not combine with either bases or 
acids, t 



* That is to say, such twrns as -ous and -ic oxides are indicative of 
rdative degrees of oxidation, an -ic oxide being a higher oxide than an 
-ous oxide. But metallic sesquioxide means two atoms of metal to 
three of oxygen ; with us, the terms metallic dioxide, hwxide, super- 
oxide, hyperoxide (especially the first two) generally denote two atoms 
Of oxygen to one of metal, but can hardly be said to have as definito 
a meaning as the term sesquioxide. This latter has lately fallen 
somewhat into disuse as improved systems of naming have found 
more general adoption. In addition to our affixes -mm, -ic, our princi- 
pal auxiliaries to terminology are the Greek prefixes mon, di, tri, 
etc., hypo and hyper, and the Latin prefixes aiLb and super. Certain 
oxides which may be regarded as derived from acids by the abstrac- 
tion of HaO are called anhydrides: 



Sulphuric Sulphuric 

acid* anhydride. 

- t In Other words: the dioxides, or indifferent compounds of the 
metals with oxygen, do ^not tend to produce salts when treated to 
either acid or base. A basic oxide means one which tends to form a 
salt when treated to an acid 9r acid anhydride. Acid oxide is to be 
similarly imderstood in the opposite senise. 
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The following examples illustrate these princi- 
ples: 

Manganese.. 1) MnO, manganons oxide; strongly 

basic. 

2) Mn,0„ manganic oxide ; feebly basic. 
Mn,0« manganous-manganic oxide. 

3) MnO,5 manganese dioxide ; indif- 

ferent. 

4) MnO„ manganese trioxide [or man- 

ganic anhydride, corresponding to 

manganic acid : MnO, ] q^- ; an 

acid oxide. 
6) Mn,0,5 permanganic anhydride [from 
permanganic acid : MnO,. OH ] ; an 
acid oxide. 

Iron 1) FeO [or, Fe^OJ, ferrous oxide; 

strongly basic. 
2) FejO,, ferric oxide (sesquioxide) ; 
feebly basic. 
Fe,04, ferrous-ferric oxide. 
8) FeO„ iron trioxide [or, ferric anhy- 
dride, corresponding to the acid 

FeO, ] Qg ; an acid oxide. 

Lead 1) PbO, plumbous oxide ; strongly basic. 

2) PbO„ lead hyperoxide [or lead di- 
oxide, or plumbic oxide]; indif- 
ferent. 

8) Pb.O*, diplumbous - plumbic oxide 
(^'minium"). 
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Copi)er. 1) Cu,0, cuprons oxide [suboxide]; 

basic. 

2) CuO, cupric oxide ; basic. 

Arsenic 1) As,0„* arsenious oxide [or arsenious 

anhydride, corresponding to the 

(OH 

acid As < OH. (or the acid, 
(OH 

AsO.OH.)];t feebly acid. 
2) As,0„ arsenic oxide [or arsenic an- 
hydride, corresponding to the acid 

(OH -. 
AsO < OH. ; strongly acid. 
(OH -I 

In a manner similar to that in which the metals 
Tinite with oxygen they unite also with sulphur and 
the haloids, i.e.j chlorine, bromine, iodine, and 
fluorine. The compounds with these elements, 
especially those with sulphur, are analogous to the 
oxides, although they seldom manifest so decided a 
chemical character as the corresponding oxides. 
Moreover, these classes of compounds admit of being 
converted easily into oxides, and vice versa. 

Sulphur, the atom of which like that of oxygen is 

* The formulas for arsenious and antimonous anhydrides have 
been hitherto universally written as in this text : AssOs and SbsOs. 
It has lately been shown that these are not justifiable expressions of 
the molecular weights of these substances, but that the formulas 
corresponding to the vapor density as determined by Mitscherlich 
some forty-five years ago (for arsenious anhydride) are correct, and 
that they should be written: As40c and Sb40e. (V.& C.Meyer, 
Deutsch. Chem. Ges. Ber. XII, 1112 and 1282.) 

f See note, page 93. 
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bivalent,* combines in many instances very readily 
with the metals, often, indeed, throngh a mere rub- 
bing together, as in the case of mercury with sul- 
phur, but more especially through the agency of 
heat, and then the combination is generally attended 
with a bright glowing. Copper when heated in the 
vapor of sulphur bums thus to cuprous sulphide, 
completely. The sulphur compounds are named 
sulphides, analogously to the naming of the oxides. 
They are partly of basic, partly of indifferent, and 
partly of acid, natures, f Besides by the method 

* Sulphur appears to be bivalent in most of its simple combinations 
with metals, but in many other cases it is regarded as showing another 
valence. (See note, p. 11.) 

f These expressions for the sulphides are to be understood in a 
sense precisely analogous to that in which they were employed with 
respect to the oxides, an atom of S taking the place of the atom of 0. 
Thus wo may write : 

KaO, a basic oxide, corresponding to KaS, a basic sulphide. 
AssOs, an acid oxide, ** ** AsaSs, an acid sulphide. 

3 KaO + AsaO. = 2 KaAsO*" " 8 KaS + AsaS» = 2 K,AsS4, 

An oxygen salt. A sulpho salt 

(OH (OK 

3 K.O.H + AsO -^ OH = AsO -^ OK + 8 HaO, corresponding to: 

( OH (OK 

An oxygen An o^^en An oxygen Water 

base. acfaT salt, (hydrous oxide). 



( SH ( SK 

8 K.S.H + AsS \ SH = AsS \ SK + 3 HaS ; 

( SH ( SK 

A sulpho A sulpho A sulpho Hydrous 

base.i acid. salt. sulphide. 

' K.SH would be usually regarded as an acid salt, derived from 
the acid HaS by substitution of one half of its Ha by K ; the term sulpho 
base was written merely for the sake of the analogy at present under 
discussion. 
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of direct combination, the sulphides are also ob- 
tained by double decomposition, a process to which 
we resort in qualitative analysis in order to obtain 
them. 

Chlorine attacks the metals even more energeti- 
cally than sulphur, and, in some cases, than oxygen. 
Of the metals, with which we are here concerned, 
there is not one but will, upon the application of 
heat, combine directly with chlorine. The chlorine 
atom is univalent,^ and consequently can saturate 
only one valence of a metallic atom ; therefore, 
it is incapable of uniting two metallic atoms in a 
molecule as oxygen or sulphur can do, so that in 
those molecules of chlorides which contain two 
atoms of metal these latter must be regarded as 
being directly united with each other. Silver oxide 
consists of two atoms of silver and one atom of 
oxygen which is bound to the two metallic atoms. 
Mercurous chloride contains two atoms of mercury 
and two atoms of chlorine, each of which chlorine 
atoms is to be considered a^ linked to an atom of 
mercury, while the mercury atoms are further bound 
to each other : 

Ag'-O^-Ag' and Cr-Hg'-Hg^-Cl' 

Silver oxide. Mercurous chloride. 

The combinations of chlorine with metals are also 
named -ous and -ic chlorides, etc. Their number is 
not so large as that of the oxides, since, as it appears, 
those corresponding to the higher oxides are in- 
capable of existence. While most of the oxides 
and sulphides are insoluble in water, the reverse is 

* Toward metals. 
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true of the chlorides : most of them dissolve in water. 
These solutions display the isame chemical behavioi 
as that of the solutions of the oxides in water, or 
correspondingly in oxygen acids. From this we 
conclude that in both cases the metallic atom pos- 
sesses the same function, exerts the same chemical 
activity. In a great majority of cases, therefore, 
it is quite immaterial, for the application of chemi- 
cal reactions, whether we bring the metal into solu- 
tion as an oxygen compound or as combined with 
chlorine. 

Bromine and iodine comport themselves toward 
the metals very much like chlorine, only they mani- 
fest a very considerably weaker affinity for them 
than chlorine possesses ; both are also univalent. * 

It has already been stated that the oxidation of 
the metals can be accomplished otherwise than by 
direct union of the elements, namely, by subjecting 
them to the action of oxidizing agents, compounds 
which yield readily at least a portion of their oxygen. 
Strictly si)eaking, such compounds also belong here 
which are capable of readily giving up their chlorine, 
sulphur, etc., since the metallic compounds thus pro- 
duced correspond to certain oxides respecting their 
grade of saturation, f By the oxidizing process which 
the metal undergoes, the oxidizing agents them- 
selves become reduced ; their number is naturally 
very large, but those which are ordinarily employed 
for the solution of the metals, and with which we 
have here to deal exclusively, are but few. They^ 
are the following : 1st, nitric acid ; 2d, chlorhydric 

♦ Toward metals. f See note, p. 21. 
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acid, or dilute snlphuric acid; 3d, aqua regia; 
4tli, concentrated sulphuric acid. 



1) Action of Niteic Acid. 

Nitric Acid is a combination of the univalent 
radical (atom-group) NO,,— which is itself a com- 
bination of a quinquivalent nitrogen atom with 
two bivalent oxygen atoms, — ^with one bivalent oxy- 
gen atom, the other valence of which is saturated 
by one univalent hydrogen atom (it is customary to 
consider this combination of an oxygen atom with 
one hydrogen atom as a special univalent radical, 
OH, and to call it hydroxyJ), thus : (N^O/)'.O.H. 
If the hydrogen atom in the hydroxyl be replaced 
by a metallic atom, a salt, a nitrate^ as it is called, 
is produced. These salts are distinguished for their 
solubility in water ; only a few basic salts are insolu- 
ble.* The solubility of most of them diminishes 
significantly as the amount of nitric acid in the 
liquid increases, and many are completely insoluble 
in nitric acid itself, for instance the lead salt. 
Herein lies the explanation of the fact that many 
metals do not dissolve in the concentrated acid, in 
the pure compound, or do not even appear to be 
attacked by it at aU. Action does reaUy take place 
upon the surface of the metal in contact with the 
acid, but since the salt there formed is insoluble in 
the surrounding liquid it prevents further contact of 
metal and acid, and the action ceases. Hence, for the 
solution of the metals a too concentrated acid should 

* See note to p. 88. 
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-■«l 

not be employed, but one of moderate strength. 
The action of metals upon nitric acid commences in 
many cases at a low temperature and with quite 
dilute acid (copper, zinc) ; it is greatly accelerated 
by the agency of heat as well as by the presence of 
nitrous acid in the nitric acid, so that the action is 
much more energetic with deeply colored acid than 
with the colorless. Moderately concentrated nitric 
acid (that is, not too dilute) is always reduced by 
the metals to nitrogen monoxide, yielding three 
atoms of oxygen : 

2N0..0H = 2N0 + H,0 + 80 

Nitric add. Nitrogen monoxide. 

If the acid be rather dilute the nitrogen monoxide is 
completely or partially evolved, but if the acid be of 
stronger concentration it will be absorbed by the 
nitric acid, producing nitrous acid ; or, in case of 
still stronger concentration, producing hyponitric 
oxide. In these instances the following reactions 
occur: 

2N0 + NO,.O.H + H,0 = 3N0.0.H 

Nitrogen Nitric add. Nitrous add, 

mononde. 

and 
2N0 + 2N0,.0.H = NO.O.NO, + 2N'0.0.H 

Hyponitric Nitrous 

oxide. acid. 

The nitrous acid is very easily decomposed by metals, 
with the formation of nitrogen monoxide and nitrite 
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salts, which latter, however, are immediately decom- 
posed by the nitric acid present : 

2 NO.O.H + Me' = H,0 + NO + NO.O.Me' 

Nitrous Metal. Nitrogen Metallic 

acid. monoxide. nitrite. 



According to this, the nitrons acid is the real 
intervening instrumentality in the action between 
metals and nitric acid ; its quantity increases greatly 
in the course of the reaction. The nitrogen mon- 
oxide combines at once with oxygen, in contact with 
air, forming hyponitric oxide, which manifests itself 
as a reddish brown vapor : 

3 NO. + O. = NO.O.NO. . 

Nitrogen Hyponitric 

monoxide. oxide. 

Sometimes the reduction of the nitric acid goes stiU 
further than to nitrogen monoxide, when hyponi- 
trous anhydride, or even nitrogen, is evolved : 



2N0,.0.H - 40 = N.O + H,0 

[yponitrouf 
Euinydride. 



Nitric acid. Hjponitrous 

ani 



and 



3N0..0.H - 60 = N, + H,0 

Nitrogen. 



Zinc, with cold dilute acid, generates hyponitrons 
anhydride ; at a somewhat higher temperature, also 
nitrogen monoxide. Copper generates, in the cold, 
nitrogen monoxide with which, at higher tempera- 
tures and by stronger concentration, nitrogen is 
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mixed. Silver, mercury, bismuth, lead and anti- 
mony behave similarly. With very dilute nitric 
acid zinc gives ammonia ; the same reaction occurs 
with somewhat stronger acid when free sulphuric 
acid or chlorhydric acid is present ; if zinc be treated 
to dilute sulphuric acid the rapid evolution of 
hydrogen may be easily arrested by aUowing nitric 
acid to drop into the generating flask ; under this 
treatment a point is reached at which the metal dis- 
solves m the liquid without the evolution of gas. 
The reaction occurs according to the following equa- 
tion : 

NO,.O.H + 8H = NH. + 3H,0 

Nitric acid. Hydrogen. Ammonia. Water. 

the hydrogen abstracts from the nitric acid all of its 
oxygen, and forms ammonia with the nitrogen. 
The same process is accomplished without the pres- 
ence of any other acid when zinc is dissolved in very 
dilute nitric acid. We conclude, therefore, that 
very dilute nitric acid acts upon zinc just as chlor- 
hydric acid or dilute sulphuric acid (see below), only 
the hydrogen is not evolved in the gaseous state, but 
is at once consumed in the formation of ammonia. 
Tin behaves like zinc. 

The reduction of nitric acid and its change into 
ammonia take place not only in acid, but also in 
neutral and alkaline, solutions. If a solution of 
neutral lead nitrate be boiled with metallic lead, a 
part of the nitric acid becomes reduced to nitrous 
acid, and double salts of lead nitrate and lead nitrite 
are formed. In alkaline solution nitric acid is con- 
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verted into ammonia by boiling with iron and zinc 
(since these two metals together, treated to a solution 
of potassium hydroxide, generate hydrogen). 

The oxygen which the nitric acid gives off in the 
reactions hitherto considered is employed in the 
oxidation of the metal present ; thus, nitric acid and 
antimony give : 

2 NO..O.H + 2 Sb''' = Sb'''O.O.Sb'''0 + 2 NO + H.0 

Antimonous Nitrogen 

anhydride.* monoxide. 

Tin comports itself similarly toward strong nitric 
acid, only there is formed not an anhydrous oxide 
but a hydroxide : 

O.H 
2 3SrO..O.H + Sn'' + H.0 = Sn'^- gg + NO.O.NO 

[o."h 

Nitric add. Tin. Water. M etastannic Nitrous 

acid. anhydride. 

These two metallic oxides are insoluble in the excess 
of acid ; the oxides of the other metals which are 
oxidized by nitric acid are soluble in the excess of 
acid. From this we see that the process of the solu- 
tion of a metal in nitric acid does not complete itself 
in one reaction, but rather in two successive stages. 
First, the metal is oxidized ; and, secondly, this 
oxide is dissolved in the acid, whereby are formed a 



* See note, p. 27. 
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nitrate salt and water. The following equations elu- 
cidate such processes of solution : 



Ag.O + 2 NO..O.H = 2 NO.,O.Ag + H.O 

Silver oxide. Nitric acid. Silver nitrate. Water. 

^'^' {8:1 + 2 NO..O.H = Cu' I g;gg| + 2 H.0 

Cupric h jdrozide. Cupric nitrate. 

Hg'O + 2 NO,.O.H = Hg* j g;gg| + H.0 

Mercuric oxide. Mercuric nitrate. 

Bi'M n TT + 3 NO..O.H = Bi" \ 0.N0. + 2 H.0. 
^^•^ (0.N0. 

Blsmuthjl hydroxide. Bismuth nitrate. 

The reactions which attend the solution of copper, 
for instance, in moderately concentrated nitric acid 
may be represented by the following equations : 

I. 3 Cu^ + 2 ]SrO,.O.H + 2 H.0 = 3 Cu' j o.H + ^^^ 

Copper. Nitric acid. Water. Cupric Nitrogen 

hydroxide, monoxide. 

n. 3 Cu' I oii + ^ NO,o.H = 3 Cu' I o;no!+ ^ ^^ 



or: 



3 Cu'+8N0,.0.H = 3 Cu' I g;^g| + 2 NO + 4 H.0. 

Copper, Nitric add. Cupric nitrate. Nitrogen Water. 

monoxide. 
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In the case of metals which do not form hydrox- 
ides but only oxides the formation of oxides in the 
^rst equation must be assumed, as for mercury : 

I. 6 Hg' + 2 NO,. OH = 3 Hg^O + H,0 + 2 NO 

Mercury. Nitric acid. Mercurous oxide. 






)r: 



3Hg'.+ 8NO..OH = 3f | ^ ]o;no!+^^'^ + ^ ^^ 

Mercury. Nitric acid. Mercurous nitrate. Water. Nitrogen 

monoxide. 

The formation of mercurous nitrate which is ex- 
pressed by the preceding equations occurs more 
especially when the action of the nitric acid upon 
the mercury is effected in the cold, or at higher 
temperatures if the nitric acid be dilute. If, on the 
contrary, hot, concentrated nitric acid be allowed to 
work upon the mercury, or upon the mercurous 
nitrate already made, there is then formed, by a 
very energetic reaction, mercuric nitrate : 

I. 3 Hg' + 2 NO..O.H = 3 Hg^O + H,0 + 2 NO 

Mercury. Mercuric oxide. 

n. 3 Hg'O + 6 NO,. OH = 3 Hg* { g;gg« + 3 H,0 

Mercuric nitrate, 

or: 
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3 Hg'+ 8 NO,.O.H = 3 Hg' j §;§§' + 4 H,0 + 2 NO 

Mercury. Nitric acid. Mercuric nitrate. Water. Nitrogen 

monoxide. 

If we employ the mercurous nitrate we may con- 
sider that at first a basic mercuric nitrate is pro- 
duced, which, in course of further action, is con- 
verted into a neutral salt : * 



* Salts may be regarded as derived 1) from acids by substitution 
of part or all of their replaceable hydrogen by b(Mic rests, and 
2) from bases by similar displacement of their hydrogen by 
acid rests. When only a part of the replaceable hydrogen (replace- 
able in this sense) of an acid has been so replaced an acid salt results; 
when only a part of the corresponding hydrogen of a base has been 
thus replaced & basic salt results; when neither "basic" nor "acid" 
hydrogen is left in the salt, then the salt is neutrcU, To illustrate 
these considerations we may write: 

K.OH + SO«|g^ = SO, I 3k + H-^H 

Potassium Sulphuric Acid potassium Water, 

hydroxide acid sulphate 

(a mon-acidic base), (a di-basic acid), (a mon-acidic salt). 



Na.OH + COJgg = COJg^^ + H.OH 

Sodium Carbonic acid Acid sodium Water, 

hydroxide (hypothetical) carbonate 

(a mon-acidic base), (a di-basic acid), (a mon-acidic salt). 



Plumbous Nitric acid Basic lead Water, 

hydroxide (a mono-basic ad^. nitrate 

(a di-acidic base). (a mono-basic salt). 

Two mol. of cupric Carbonic acid Basic cupric Water. 

hydroxide (a di-basic acid). carbonate 

(a di-acidic base). (** malachite'') 

la di-badc salt). 
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Hercurous nitrate. 



Kitric add. 



6 Hg' j g;g^' + 2 NO 



Basic mercuric 
nitrate. 



Nitrogen 
monoxide. 



Water. 



Na.OH 



+ 



HCl 



NaCl + 



Sodium hydroxide Chlorhydric acid. Sodiimi chloride 

(a mou-acidic base). (a mono-basic acid), (a neutral salt). 



H.OH 

Water, 



Cu-jgH + S0,{ 



Cupric 

hydroxide 

(a di-acidic base). 



OH 
OH 



= SO, 



Sulphuric 

acid 

(a di-basic acid). 



18! 



Cu 



Cupric 

sulphate 

(a neutral salt). 



+ 2H.OH 
Water. 



C.H..OH + COJgg' = COJgH'^jj^ + H.OH 



Ethyl alcohol Acetic acid Acetic ethyl ether 

(a mon-acidlc alcohol), (a mono-basic acid), (a neutral compound). 



Water. 



From the above equations it appears that a base is morir, di-, tri- 

n-aeidic according as it contains one, two, three 

n atoms of hydrogen replaceable, in the sense of these notes, by 

acid rests. Correspondingly, an acid is mono-, di-, tri- 

n-basic according as it has one, two, three n atoms of 

hydrogen replaceable by basic rests. Generally, in oxygen acids, 
this replaceable hydrogen is that of the OH (hydroxy 1) group. But 
we have also hydracids like: HCl (mono-basic) and SHa (di-basic). 
It may be remarked that, in metallic salts, carbonic acid function- 
ates as a di-basic acid, while in its ethers it appears also as tetra* 
basic: C(0H)4. 
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11. CHg' {g;^^'-+0NO..O.H=6Hg' | o:no;+^^^ 



Mercurio nitrate. 



or: 




Morcurou3 nitrate. Nitric acid. Mercuric nitrate. 

4 H,0 + 2 NO 

Nitrogen 
monoxide. 

The other metals which form several oxidation pro- 
ducts behave similarly, as iron, tin, antimony, 
arsenic ; these are at first converted into the lower 
oxides by moderate action of nitric acid. 

The metals and their lower oxides are not the 
only substances which we have to oxidize by nitric 
acid, in course of analysis ; most of the metallic sul- 
phides come into the same category. If the nitric 
acid employed be dilute, then the sulphur of the sul- 
phide separates as such, while the metal passes into 
solution as nitrate : 

I. 3 Pb^S + 6 NO,.O.H = 3 H,S + 3 Pb' j gjjg» 

Load culphido. Nitric acid. Hydrous sulphide. Lead nitrate. 

II. 3 n.S + 2 NO,.O.I-I = 4 H,0 + 2 NO + 3 S 

Ilydrous Nitric acid. Water, Nitrogen Sulphur, 

culphide. monoxide. 



or: 



8 Pb"S + 8 NO..O.H'= 3 Pb^ j g'^g* + 
4 H,0 + 2 NO + 3 S. 
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The hydrous sulphide which is formed at first is at 
once oxidized by the excess of acid present, a re- 
action which occurs incidentally when hydrous sul- 
phide is conducted into cold, concentrated, or warm, 
diluted, nitric acid. By fully concentrated, especially 
red fuming, nitric acid the metallic sulphides are 
converted into sulphates without separation of sul- 
phur : 

3PbS + 8NO,.O.H = 3S0. j^lPb^ + SNO 

Lead Nitric acid. licad sulphate. Nitrogen 

sulphide. monoxide. 

+ 4H,0 . 

Even free sulphur in a finely divided state becomes 
perfectly oxidized to sulphuric acid by prolonged 
heating with very concentrated nitric acid : 

S + 2 NO,.O.H = SO, j o H + ^ ^^ • 

Sulphur. Nitric acid. Sulphuric acid. Nitroeen 

io:ade. 



mono: 



2) Action of Chlorhydric Acid and of Dilute 

ScjLPHURic Acid. 

Chlorhydric acid [such as is kept in the bottles of 
the laboratory] is a solution of chlorhydric acid gas 
in water. * Chlorine and hydrogen are both univalent, 

* J. Thomsen (Pogg. Ann. Jubelband, 1874, S. 135.) has regarded 
the aqueous solution of chlorhydric acid as C10H» = HaCl - OH. 
This conception assumes a multivalence for the. chlorine atom, even 
respecting hydrogen. Chlorine is regarded by some writers as multi- 
valent with respect to more negative elements (see formulas for 
chlonc acid, etc.^ page 180. 
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and therefore can nnite with each other in only one 
proportion, that of one atom of each ; the resulting 
chlorhydric acid is a colorless gas, which dissolves 
in large quantities and with great avidity in water, 
forming a colorless and, when concentrated, some- 
what strongly fuming solution in contact with the 
air. Chlorhydric acid works upon the metals much 
less energetically than nitric acid ; only iron and 
zinc dissolve in it easily ; tin, cadmium, cobalt and 
nickel are respectively less and less soluble in it, and 
the metals lead, copper, bismuth, antimony, arsenic, 
mercury, silver, gold and platinum are either al- 
together insoluble or only traces of them dissolve. 
In all cases of solution the metal dissolves with si- 
multaneous evolution of hydrogen ; the chlorhydric 
acid is decomposed, whereby the metal takes the 
place of the hydrogen, forming a metallic chloride : 



Zn^ + 2HC1 = ZnTl, + H, 

Zinc. Chlorhydric Zinc Hydrogen, 

acid. chloride. 



Sn + 2HC1 = Sn'Cl, + H. 

Tin. Stannous 

chloride.* 



It is noteworthy that in all such instances only the 
lower chlorides are formed, even when hot concen- 
trated acid is employed, since these lower chlorides 
are not capable of decomposing the chlorhydric 
acid. 

* See note, page 12. 
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The metallic oxides are mostly very easily decom- 
posed by chlorhydric acid, producing by double do' 
composition a metallic chloride and water : 



Ag,0 + 2HC1 = 2AgCl + H,0 

Silver oxide. Silver chloride. 

Mg'O + 2 HCl = Mg'Cl, + H.0 

Magnesium oxide. Magnesium chloride. 



+ 6HCl = 

^ \Fe'VCl. 

Ferric oxide. Ferric chloride. 




+ 3H,0 



Metallic sulphides give, by similar treatment, 
metallic chloride and hydrogen sulphide : 



Zn'S + 2 HCl = Zn'Cl, + H,S 

Zinc sulphide. Zino chloride. Hydrous sulphide. 

Sb"'S.S.Sb"'S + 6 HCl = 2 Sb"'Cl. + 3 H,S 

Antimonous Antimonous 

sulphide. chloride. 



Many sulphides, however, which when treated to 
hot concentrated chlorhydric acid are dissolved with 
evolution of hydrogen sulphide, are not attacked at 
all by the cold, dilute acid. 

Quite similar to the action of chlorhydric acid upon 
metals is that of dilute sulphuric acid. The metals 
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cited above as soluble in chlorhydric acid dissolve 
also in dilute sulphuric acid with evolution of 
hydrogen and the formation of metallic sulphates : 




+ 2S0.{g;g+xH,0 = 

Sulphuric acid. 

+ 2 H, + xH.O 



.Fe'V {o( ^^» 

Ferrous sulphate. 



(the term xH,0 is introduced into the equation 
merely to indicate dilution of the acid). 

The metallic oxides and some sulphides are 
changed into sulphates in a manner corresponding 
to the formation of chlorides effected by chlorhy- 
dric acid as given above : 



Ba^ { 8:h + SO. I §:g = SO. { g } Ba^ + 2H.0 



Barium 
hydroxide. 



Sulphuric 
acid. 



Barium sulphate. 



'AI 



iv^ 



O.H 
O.H 

8:1 + 8 so, { g:i = 

O.H 
,0.H 

Aluminio hydroxide. 

+ 6 H,0 



Jil 



iv 




Aluminic sulphate. 



Cd'O + so, { 3;| = Cd' { 3 1 so, + H.0 



Cadmium oxide. 



Cadmium sulphate. 
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Mn'S + 60. 1 Q 2 = Mn' j 3 } SO, + H,S 

Manganous Manganous Hvdrous 

sulphide. sulphate. sulphide. 



3) Action of Aqfa Eegia. 

The name, aqua regia, designates a mixture of one 
part of nitric acid with from two to three parts of 
chlorhydric acid. It is distinguished by the very 
remarkable oxidizing energy with which it attacks 
metals ; even gold and platinum are readily dissolved 
by it. The powerful oxidizing* property of aqua 
regia is due to the quantity of free chlorine con- 
tained in it, which is liberated by the action of the 
nitric and chlorhydric acids upon each other. This 
reaction between the two acids consists in the forma- 
tion of water from the hydroxyl group of the nitric 
acid and the hydrogen of the chlorhydric acid, 
while hyponitric oxide, nitrosyl chloride, nitryl chlo- 
ride (?) and chlorine are also produced. According 
to the temperature and degree of concentration of 
the liquor the one or the other of the reactions 
expressed by the following equations appears to 
ensue: 

NO..O.H + HCl = N0,C1 + H,0 

Nitric acid. Chlorhvdric Nitni Water 

acid. chloride. 

(the N0,C1 is probably contained, besides NO. CI in 
the so-called chlor-hyponitric acid), 

* See note, page 21. 
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2N0..0.H + 2HC1 = NO,.O.NO + CI, + 2H,0 

HTponitric oxide. Chlorine. 



NO..O.H + 3HC1 = NO. CI + CI, + 2H,0 

Kitrorarl 
chloride. 



These reactions begin at the ordinary temperature 
and continue until a certain quantity of the decom- 
position products quoted have been formed ; in con- 
sequence the fluid assumes a yellow color. If the 
new products are removed by heat or by the inser- 
tion of a metal into the fluid which combines with 
the free chlorine and also abstracts the chlorine from 
the nitrosyl chloride, the reaction between the nitric 
acid and chlorhydric acid is renewed until, finally, 
one of the two acids is exhausted. Generally the 
chlorhydric acid is present in excess, in consequence 
of which, upon evaporation of the aqua regia solu- 
tion of a metal, the latter is obtained in combination 
with chlorine as a metallic chloride. The decom- 
position products of the nitric acid, principally 
hyponitric oxide, nitrogen monoxide, and nitrous 
anhydride, are set free with effervescence, as gases. 
Accordingly, it is readily comprehensible why a 
nitrate may be so easily changed to the correspond- 
ing chloride by evaporation with excess of chlor- 
hydric acid ; the nitric acid is decomposed entirely 
by a portion of the chlorhydric acid, and is evolved, 
while the base and remaining chlorhydric acid react 
upon each other, giving a metallic chloride and 
water. Inversely, metallic chlorides may be con- 
verted into metallic nitrates by evaporating with 
nitric acid. 
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4) Action of Concentrated Sulphueic Acid. 

Sulphuric acid is a combination of the bivalent 
radical SO, (a combination of one atom of sexiva- 
lent sulphur with two atoms of bivalent oxygen) 
with two hydroxyl groups (see above, under nitric 

▼i (OH 

acid), thus : (SO,)^ 1 0*H** '^^ ^ 8,n oily liquid, 

which evolves much heat when mixed with water. 
Under the agency of heat, especially upon boiling, 
many metals are converted into sulphates which are 
not attacked by dilute sulphuric acid; they are at first 
oxidized by a reduction of the sulphuric acid to sul- 
phurous anhydride and water, and subsequently the 
oxide formed is converted into a metallic sulphate : 

L 2Ag + SO, jg;| = Ag,0 + H,0 + SO, 

SflTer. Sulphuric Silver Water. Sulphurous 

acid. oxide. anhydride. 

n. Ag,0 + so, I g;g = so, I g;;^ + H,0 



Silrer sulphate. 



or: 



2Ag + 2S0,|g;g = S0,{g;;|| + 2H,0 + S0, 



Copper, mercury and bismuth behave like silver ; 
in the case of copper, however, some cupric sulphide 
is always formed. 



* See note, imge 11. 
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It should be remarked that, when zinc is treated 
to only slightly diluted sulphuric acid, a part of the 
sulphuric acid is reduced by the hydrogen in staiu 
nascendi to hydrogen sulphide : 



aydr< 
sulpl 



Sulphuric acid. Hydrogen* Hydrogen Water. 

sulphide. 



MANNER m WHICH THE REAGENTS 

WORK. 

In the preceding section we have seen how we 
may bring a metal into solution, how we may 
cause it to combine with other bodies, and now 
the question would naturally arise whether it be 
possible or not to determine what metal is in 
solution without again separating it in the metallic 
state. The answer to this question is obvious from 
the fact that no two metals in solution behave 
exactly alike ; the solutions of the different metals 
manifest different reactions. The distinctions in 
this respect are often only slight, and not at all 
striking ; sometimes, however, they are very signifi- 
cant. Copper and lead, for instance, are both pre- 
cipitated from solution by hydrogen sulphide, i)os- 
sessing a brownish-black color; cadmium, on the 
contrary, falls yellow; moreover, the reaction 
may not take place in very dilute solutions, or it 
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may occur even when the merest traces of the sub- 
stance are in solution. Calcium solutions give a 
precipitate with sulphuric acid only when they are 
not too dilute, while solutions of barium, even when 
extremely dilute, yield evidence of its presence by 
the employment of the same reagent. It is further 
noteworthy that the metals, according to their 
behavior with respect to certain reagents, admit of 
a classification into groups, the individual members 
of which exhibit more or less of similarity in their 
deportment ; thus, many metals are precipitated 
from acid solutions by hydrous sulphide (copper, 
lead, and others), while many others are not (iron, 
zinc). This principle is most advaatageously applied 
in analysis by testing for the pre™ of whole 
groups and separating them, whereupon further re- 
search is conducted respecting their individual mem- 
bers. 

Concerning the phenomena of a reaction, the fol- 
lowing cases may be distinguished, in general : 

1) A precipitate is produced^ that is to say, upon 
bringing together two clear solutions, a solid (or 
liquid) substance separates, which is insoluble in 
the surrounding liquid. In this way calcium car- 
bonate separates as a solid, insoluble substance 
when solutions of calcium chloride and sodium car- 
bonate are mixed together, causing the clear liquid 
to become opaque. If we pour water into a solution 
of chloroform in alcohol, this liquor also becomes 
cloudy, but the substance precipitated, in this case, 
is not a solid, but consists of innumerable minute 
drops of chloroform. If the quantity of the precipi- 
tate produced be very slight the liquid only becomes 
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cloudy, and, in cases of mere traces of a precipitate, 
exhibits only a slight opalescence or a bluish tint 
(as in the case of silver chloride). The physical 
properties of the precipitates may display very dis- 
tinctive characteristics, which should be noticed 
very carefully ; some are flocculent and very volu- 
minous, like aluminic hydroxide ; others are almost 
transparent, quite gelatinous, and hence difficultly 
visible, like silicic acid ; others are pulverulent with- 
out presenting a crystalline appearance, like lead 
sulphate ; others, again, are manifestly crystalline, 
in which case they exhibit, when the light falls upon 
them, especially direct sunlight, a peculiar glistening 
caused by the reflection of the light from the mirror- 
like faces of the minute crystals, which may often 
be easily distinguished by means of a small magni- 
fying lens ; such a precipitate is the double ammoni- 
um-magnesium phosphate. Still others are at first 
amorphous, flocculent and voluminous, but become 
crystalline after a time and decrease in volume to 
an extraordinary degree: calcium carbonate fur- 
nishes an example of this kind of precipitates. 
Finally the solubility of the precipitates should 
be regarded; many are not absolutely insoluble 
in water, but only difficultly soluble, in conse- 
quence of which they are not produced in very 
dilute solutions, or if produced vanish again upon 
the addition of much water: lead chloride and 
calcium sulphate are illustrative of such. Many, on 
the contrary, are as good as insoluble in water, as 
barium sulphate ; but dissolve upon the addition of 
an acid, as, for instance, calcium oxalate ; or upon 
the addition of an alkali, as does arsenic trisulphide ; 
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or upon the addition of ammonia — ^f or instance, silver 
chloride. Many dissolve directly in an excess of 
the precipitant, as in the case of zinc hydroxide, 
which is precipitated from solutions of zinc by 
sodium hydroxide solution, and then dissolves in 
an excess of the latter. 

2) A change of color occurs^ including the cases 
where the fluids which are mixed in order to pro- 
duce the reaction were colorless or colored, and 
become respectively colored or colorless, or change 
their colors. A solution of ferric chloride diluted 
so that it is colorless becomes red upon the addition 
of a colorless solution of potassium sulphocyanate ; 
on the contrary, the red solution of permanganic 
acid is decolorized by oxalic acid ; a green nickel 
solution is colored blue by ammonia ; a red chromic 
acid solution becomes yellow by the action of 
ammonia, and green by the agency of alcohol. It is 
especially worthy of attention that, in cases where 
the liquor becomes very dark or quite opaque, 
one is inclined to judge that no precipitation has 
occurred ; in such instances it is necessary to con- 
vince one's self of the transparency of the fluid by 
attentively regarding a thin film of it. 

3) Mff'ervescence ensties. This appearance occurs 
only when, in course of the reaction, a substance is 
separated which, at the temperature and pressure 
then obtaining, is gaseous and is not absorbed by 
the surrounding fluid. That much depends upon 
this last-mentioned condition may be illustrated 
from the fact that dilute sulphuric acid does not 
effervesce with sodium chloride, because the chlor- 
hydric acid gas which is produced is readily absorbed 
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by the surrounding liquor ; but a strong eflferves- 
cence ensues, that is to say, a brisk evolution of gas, 
when concentrated sulphuric acid is poured upon 
sodium chloride, because the chlorhydric acid gas is 
not absorbed by this strong acid. 

Naturally, the manifestations cited above may 
occur simultaneously : two colorless solutions may 
produce a colored precipitate (silver arsenate) ; or 
evolve a colored gas (chlorine) ; or the fluid may 
change its color, while a colorless precipitate is 
formed (sulphur from chromic acid and hydrogen 
sulphide), etc. 

Moreover, cases may occur in which a reaction is 
really completed without being accompanied by any 
of the signs just mentioned. In such instances there 
is often a noticeable change of temperature, as when 
soda lye is saturated with nitric acid ; but sometimes 
even this sign apparently fails, evidently because it 
is too slight to be perceived without more delicate 
means of detection, as when mercuric nitrate and 
sodium chloride are transformed into mercuric 
chloride and sodium nitrate. 

These introductory remarks completed, we will 
now pass to a closer consideration of the mode 
of action of the individual, principal reagents. 
They are the following : 1, sulphydric acid ; 2, 
ammonium sulphide; 3, potassium (or sodium) 
hydroxide solution ; 4, ammonia ; 5, sodium car- 
bonate ; and 6, ammonium carbonate. These re- 
agents are employed for the recognition of the 
bases;* for the determination of the acids there 



* See note, page 69. 
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still remain : 7, barium chloride ; 8, lead acetate ; 
9, silver nitrate. 

1) Sulphydric acid^ H,S. [hydrogen sulphide, or 
hydrous siUphide.] 

Sulphydrio acid is a combination of one atom of 
bivalent sulphuif with two atoms of hydrogen ; it is 
a colorless gas, possessing an odor akin to that of 
rotten eggs, and is absorbed in small quantities by 
water. This solution, sulphydric acid water, when 
in contact with the air, soqn deposits sulphur, which 
is separated by the oxygen of the air with attendant 
formation of water : 

n,s + o = n,o + s 

A small portion of the sulphydric acid is also 
oxidized to sulphuric acid : 

H,S + 40 = so.|g;g 

When sulphydric acid is brought into contact with 
metallic oxides or metallic salts a double metathesis 
usually results ; the oxygen which was combined 
with the metal unites with the hydrogen while the 
metal unites with the sulphur. In general, we may 
. say that the hydrogen and metal change places, and 
the number of hydrogen atoms thus changing places 
always equals the sum of the active valences of the 
metallic atoms; the following examples illustrate 
this: 
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KOH + H,S = KSH + H,0 



Potaaaum 
hydroxide. 



Sulph;rdric Potassiuni 
acid. hjdroflulphide. 



Water. 



Pb'O + H,S = Pb'S + H.0 



Flumboua 
oxide. 



Plumbous 
sulphide. 



2isro,.o.Ag + H,S = Ag,S + 2isro,.o.H 



Silver nitrate. 



Silver 
sulphide. 



Nitric acid. 



Hg'XO.NO, 



+ H.S = 



.Hg' / O.NO, 

Mercurous nitrate. 




g 



S + 2N0,.0.H* 



Lg 

Mercurous 
sulphide. 



Hg' I g;gg; + H,S = Hg'S + 2 NO..O.H 



Mercuric nitrate. 


Mercuric 
sulphide. 


2Bi'"Cl. + 3H,a = 


Bi"'S.S.Bi"'S + 6HC1 


Bismuth 
trichloride. 


Bismuth Chlorhrdrio 
trisulphide. acid. 


Sn'Cl, + H.R 


= Sn'S + 2HC1 


Stannous 
chIoride.t 


Stannous 
sulphide. . 


Sn'-Cl, + 2H.S 


= Sn'^S, + 4 HOI 


Stannic 
chloride. 


Stannic 
sulphide. 



* It hardly need be remarked that the " active valences," in the 
sense of the text, are here those of the mercurous group, as a whole, 
t See note, page 12. 
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Most of the metallic sulphides thus produced are 
insoluble in water (and are colored), hence they 
separate as precipitates when sulphydric acid is 
brought into solutions of such metals. In some 
instances they are soluble in acids by which they are 
decomposed, yielding a metallic salt and hydrous 
sulphide : 




av> 



S 



+^«o.{8:i = (jJI^;+.H.8 




Fe'V S 



Ferrous Sulphuric acid. Ferrous sulphate, 

sulphide. 



According to this deportment of their sulphides, 
the heavy metals admit of division into two great 
groups : 

1) Those which are precipitated from acid solu- 
tions by sulphydric acid, and 

2) Those which are not precipitated from acid 
solutions, but are precipitated from alkaline (incom- 
pletely from neutral) solutions. 

The metals which belong to the first group, how- 
ever, ai:e completely precipitated as metallic sulphides 
only when the solutions do not contain too much free 
acid, and especially when they are cold, since warm, 
strong chlorhydric acid and even dilute, warm nitric 
acid exert a strong solvent action ; hence, when the 
above conditions are not fulfilled, the precipitation 
is not complete. 

In many cases sulphydric acid works also as a 
reducing agent, when sulphur is always separated. 
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Similar to the action of free oxygen (see above) is 
that of free chlorine, bromine, and iodine ; with 
separation of sulphur there is formed chlorhydric 
acid, etc. : 

H,S + 3C1 = S + 2HC1 

Sulphydric Chlorine. Sulphur. Chlorhydrio 

acid. acid. 

Ferric solutions, when acid, are reduced to ferrous 
solutions by sulphydric acid : 



'Fe'ACl. /Fe'^ACl 





vFe' V CI. \Fe 

Ferric chloride. Ferrous cUorlde. 



Chromic acid in acid and in alkaline solutions re- 
duces to chromic oxide : 



/Cr"\0' 
2 Cr'^O/.O' + 3H.S = ( I )0' + 3H,0 + 3S 

VCr'VO' 

Chromio anhydride. Chromic oxide. 



Arsenic acid in acid solution becomes reduced to 
arsenious acid ; chloric acid, bromic acid, iodic acid, 
the acids of manganese and sulphurous acid are 
likewise reduced, also nitric acid (and hence it 
happens that a metal which is not precipitated from 
a chlorhydric acid solution may be completely pre- 
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cipitated from a nitric acid solution, since the nitric 
acid is decomposed as soon as it is liberated). 

2) AmTnonium sulphide^ (NH^),S. 

Ammonium sulphide is a combination of two 
atom-groups of ammonium (consisting of one atom 
of quinquivalent nitrogen combined with four atoms 
of hydrogen) with one atom of bivalent sulphur ; 
accordingly, its formula is : 



^ ^ 5n^h j 



or, shorter : Aia,S, in which Am denotes the group 
or radical, NH^. The solution of this compound, 
which is at first colorless, becomes gradually yellow 
in contact with air ; the oxygen of the air separates 
a part of the sulphur from the ammonium with 
attendant formation of ammonium hydroxide, which, 
however, immediately decomposes into water and 
ammonia : 



Am,S + O + H,0 = 2Am.0.H + S 

Ammonium Ammonium 

sulphide. hydroxide. 



Am.O.H = NH^.O-H = NH. + H,0 ; 

AmixioiiiA* 

but the separated sulphur dissolves in the still un- 
decomposed ammonium sulphide, forming a poly- 
sulphide : 
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Ain,S + S = Ain.S.S.Ain 

Ammonium disulphide. 

The action of ammonium sulphide is quite similar 
to that of sulphydric acid ; like the latter, it gives 
rise to metallic sulphides upon being brought into 
contact with metallic compounds. While, however, 
by the action of sulphydric acid an acid is set free, 
one or more hydrogen atoms replacing the metallic 
atom of the salt, such is not the case when the pre- 
cipitation is effected by ammonium sulphide, but 
there is formed an ammonium compound corre- 
sponding to the metallic compound employed, and 
the neutrality of the solution is maintained. The 
following equations illustrate this important distinc- 
tion between the action of sulphydric acid and that 
of ammonium sulphide : 



SO. I g I Cu^ -f H,S = CuS + SO, j g;§ 

Cupric sulphate. Sulpb^rdrlc Cuprio Sulphuric 

■ phic* 



acid. sulphide. acid. 



SO, I g I Cu^ -f Am,S = CuS + SO, j ^• 



Am 
Am 



Ammonium Ammonliun 

sulphide. sulphate. 



2Bi"'Cl. + 3H,S = Bi'"S.S.Bi'"S + 6HC1 

Bismuth Bismuth Chlorhydric 

trichloride. trisulphide. acid. 

2 Bi"'Cl, + 3 Am,S = Bi"'S.S.Bi"'S + 6 AmCl 

Ammonium' 
cliloride 
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In consequence of this circumstance that the neu- 
trality of the solution is undisturbed, ammonium 
sulphide precipitates those metals from neutral solu- 
tions completely which are precipitated by sulphy- 
dric acid only from alkaline liquors. 

Ammonium sulphide is decomposed by acids just 
as the sulphides of those metals are which are not 
precipitated from acid solutions by sulphydric acid ; 
sulphydric acid is evolved and an ammonium com- 
pound is formed : 



Am,S + 2HC1 = H,S + 2AmCl 

Lmmoniiim Chlorliydric Sulphydric Ammonium 

sulpiiide. acid. acid. chloride. 



If, then, ammonium sulphide be added to an acid 
solution of a metal which is not precipitated by 
sulphydric acid, precipitation does not ensue until 
all of the free acid has been consumed in the decompo- 
sition of the ammonium sulphide, and the liquor 
has, in result of this, become neutral. For this 
reason an acid solution must be neutralized with 
ammonia or sodium carbonate before the addition of 
ammonium sulphide. It may be remarked, inci- 
dentally, that the metallic sulphides precipitated by 
sulphydric acid, or by ammonium sulphide, tend, 
for the most part, to oxidize readily in contact with 
air, especially when they are moist. Hereby are 
formed, analogously to the oxidation of sulphydric 
acid itself, partly metallic hydroxides with separa- 
tion of sulphur, and partly metallic sulphates. 
Since the latter are mostly soluble in water, a loss 
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would be sustained upon washing such partially- 
oxidized precipitates with water ; such loss may be 
prevented by the addition of a small quantity of 
sulphydric acid or of ammonium sulphide to the 
wash-water. 

In some instances ammonium sulphide acts under 
a guise different from that just considered, inasmuch 
as instead of a metallic sulphide the corresponding 
metallic hydroxide is precipitated. This is accounted 
for by the fact that the metallic sulphide in statu 
nascendi reacts at once with the elements of water, 
producing a metaUic hydroxide and sulphydric 
acid, which latter compound either is evolved as a 
gas or remains absorbed in the fluid. The entire 
process is completed in two phases in accordance 
with the following equations : 



/Ar^XCl. 

* Vaf/ CI. 



Aluminic 
chloride. 



+ 3Am,S = 



Ammonium 
sulphide. 



/A1"\S' 

IS' + 6AmCl 

|!T/g» 



= U.j| 



Aluminic 
sulphide. 



Ammonium 
chloride. 



n. ( I )s' 



Aluminic 
sulphide. 



+ 6H,0 = 



TiO.H 

|g;i + 8H,s 

^Al'V O.H 
O.H 



Aluminic 
hydroxide. 



Sulphvdric 



or: 
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+ 3Aiia,S + 6H,0 = 
CI. 



/Al' 

u 



'V( 



O.H 

O.H 

Al^/ O.H 

O.H 



Aluminic Ammonium Water. Aluminic 

chloride. sulphide. hydroxide. 

+ 6AmCl + 3H,S 

Ammonium Sulph^dric 
chloride. acid. 



Ammonium sulphide suffers further employment in 
the separation of the metallic sulphides which are 
precipitated from acid solutions by sulphydric acid. 
It has been already stated that the sulphides, like 
the oxides, are partly of an acid, partly of a basic, 
and partly of an indifferent, nature ; the first two of 
these classes of sulphides unite with each other, 
forming so-called sulpho salts, * of which those, with 
an alkaline base are soluble in water. In conse- 
quence of the formation of such salts, ammonium 
sulphide is capable of dissolving the sulphides of an 
acid nature (tin, arsenic, antimony, gold and plati- 
num sulphides) ; with antimony pentasulphide there 
is formed the compound : 



S.Am 
Sb^S.S..Sb^S -f 3Am,S = 2Sb^SH( S.Am 

S.Am 

Antimony penta- Ammonium Ammonium 8ulph- 

Bulpmde. sulphide. antimonate. 



* See note, page 28. 
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• 

If an acid be added to an aqueous solution of such 
a sulpho salt, the ammonium sulphide is decom- 
posed, as already stated, and the acid sulphide sepa- 
rates out. If the ammonium sulphide possesses a 
yellow color, containing, therefore, ammonium poly- 
sulphide, the solution of the metallic sulphide may 
be accompanied by an oxidation ;* for instance, 
brown stannous sulphide does not dissolve in the 
colorless ammonium monosulphide, but easily in 
the yellow disulphide, forming stannic ammonium 
sulphide : 

Sn'S + Am.S.S.Am = Srf^S | fj^ 

stannous Ammonium Ammonium sulpho- 

sulphide. polysulphide. stannate. 



Finally, sodium sulphide and x)otassium sulphide 
are quite similar, in their action, to ammonium 
sulphide. 

3) Potassium {or sodium) hydroxide solution^ 
KOH. 

This name is given to the aqueous solution of a 
compound consisting of one atom of bivalent oxygen 
with one atom of potassium (or sodium) and one 
atom of hydrogen : KO^'H (or, NaO^'H). Upon the 
addition of a solution of potassium hydroxide to 
metallic solutions a double metathesis obtains : the 
potassium and the other metal exchange places, and 
a precipitate of a metallic hydroxide is formed : 

♦See note, page 21* 
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Zn' I g;§^3| + 2K0H = Zn' | §;§ + 2N0,.0.K 



Zinc nitrate. 



Potassium 
hydroxide. 



Zinc 
hydroxide. 



Potassium 
nitrate. 



Al'A CI. 



F/Cl. 



Aluminic 
chloride. 




+ 6K0H = 



TiO.H 
Al'^X O.H 




iv 



|g;g + 6 KCl 

O.H 
O.H 



Aluminic 
hydroxide. 



Potassium 
chloride. 



Sometimes, however, these metallic hydroxides de- 
compose at once into water and a metallic oxide, 
which latter separates as such : 



I. Hg^Cl. + 2K0H = Hg^ { an + ^ ^^^ 



Mercuric 
chloride. 



Mercuric 
hydroxide. 



Potassium 
chloride. 



n. Hg'|g;g = Hg'O + H.o 



Mercuric 
hydroxide. 



Mercuric 
oxide. 



Water. 



or: 



Hg'Cl, + 2K0H = HgO + H.0 + 2KC1 



Mercuric 
chloride. 



Potassium 
hydroxide. 



Mercuric 
oxide. 



Water. 



Potassium 
chloride. 
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Cupric hydroidde undergoes a similar decomposi- 
tion only after some time has elapsed, or upon heat- 
ing the liquor containing it. Many metallic hy- 
dro3ddes are soluble in potassium hydro3dde solu- 
tion, thus forming compounds of the nature of salts 
in which the metallic oxide plays the role of an 
acid anhydride; the case of potassium zincate is 

OK ' '^^*^®^ instances are fur- 

nished by potassium aluminate, potassium plum- 
bite, etc. 

Finally, it should be borne in mind that, in acid 
liquors, a permanent precipitate can first be obtained 
by means of potassium hydroxide when all of the 
free acid has been saturated by this reagent. The 
behavior of sodium hydroxide is precisely similar to 
that of potassium hydroxide. 

4) Ammonia^ NH,. Ammonia is a combination of 
one atom of tervalent nitrogen with three atoms of 
hydrogen: N'^'H,. At ordinary temperatures it 
is a colorless gas of extremely pungent odor, and 
is absorbed in large quantities and with remark- 
able energy by water. This aqueous solution is 
employed as a reagent. The action of aqueous 
ammonia upon the solutions of metals is varying, 
but, for the most part, is similar to that of potas- 
sium hydroxide; it then comports itself like a 
solution of ammonium hydroxide (NH^.O.H = 
Am.O.H = NH, + H,0) and precipitates metallic 
hydroxides with attendant formation of ammonium 
compounds : 
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P'>'{o:NO: + 2NH.O.H = Pb'|g;| 

Lead nitrate. Ammonimii Flumbous 

hydroxide. hydroxide. 

+ 2 NO,.O.NH, 

Ammonium nitrate. 

Many metallic hydroxides dissolve in excess of 
ammonia, forming compounds, the constitution of 
which have not been ascertained with certainty. If, 
for example, a small quantity of ammonia be added 
to a solution of copper sulphate there is precipitated 
at first a basic salt, which, however, dissolves with 
extraordinary readiness in an excess of ammonia ; 
the compound thus formed consists of : CUSO4 + 
4 NH, + H,0 ammonio-cupric sulphate ; other me- 
tallic oxides behave in the same way. From solu- 
tions of mercury oxides, ammoniacal mercury com- 
pounds are at once precipitated. 

Ammonia displays a peculiar behavior in another 
respect ; certain metallic oxides which are precipi- 
tated from neutral solutions by ammonia are not 
precipitated by the same reagent from acid solutions 
even when they are of themselves insoluble in 
ammonia. Magnesium oxide and those metallic 
oxides which are isomorphous with it furnish 
Instances of this sort. The salts of these oxides 
fonn with ammonium salts peculiar double salts, 
which are not decomposed by free ammonia; the 
tendency to the formation of such salts is so great 
that the metallic hydroxides concerned in this matter 
dissolve very easily in the aqueous solutions of 
ammonium salts ; thus, magnesium hydroxide dis- 
solves very readily in a solution of ammonium 
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chloride, forming ammoniuin-inagiiesiuin chloride 
and free ammonia : 

Mg^ I g;g + 3 AmCl = AmCl.MgTl. + 2 NH, 



Ifafnesium Ammonium Ammonium Ammonia, 

hyoiozide. chloride. magnesium 

chloride.* 



+ 2H.0. 

The precipitation of magnesium oxide and of the 
other similar ones from neutral solutions by ammonia, 
therefore, may be completely prevented by the addi- 
tion of a sufficient quantity of ammonium chloride ; 
if the solution be acid, the first portions of ammonia 
added naturally serve to produce a salt of ammonium 
which itself, as just explained, prevents the precipi- 
tation of such oxides. In such cases it is therefore 
necessary to neutralize the free acid by sodium car- 
bonate or sodium hydroxide before adding the 
ammonia ; if ammonia be then added to this neutral 
solution, precipitation occurs. But even under these 
circumstances the precipitation is not complete, since 

* Such ** double salts" are regarded as peculiar cases of molecular 
addition. AmCl is itself a molecule in which all atomic valences 
are already saturated; the same is true of Mg'CU, and there are no 
atomic valences left for the connection of these two molecules, 
which are held together, nevertheless, by their molecular afflni^es. 
As the study of atomic valence progresses it may become possible 
to do away with this conception of molecular addition and to reduce 
all compounds to the case of true atomic constitution based exclu- 
sively upon the valences of the elementary atoms (see note on double 
cyanides, page 81). Indeed, at the present stage of our> studies, it is 
evident that, whatever the connecting agency for the two molecules 
of a double salt is, its source is to be referred back to their indi- 
vidual atoms. 
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the salt of ammonium which forms in the reaction 
retains a portion of the oxide in solution. 

6) Solium Carbonate, CO | q^^ 

Sodium carbonate is the neutral sodium salt of 
dibasic carbonic acid ;* that is, a combination of the 
bivalent radical carbonyl (CO)^ with two atoms of 
bivalent oxygen, each of which latter atoms is con- 
nected by its remaining valence to one atom of 

sodium : CO'^ j o'^^Na 5 ^* ^ ^ colorless salt, easily 

soluble in water, yielding a solution which is of an 
alkaline reaction. When added to the solutions of 
other metals it effects always a double decomposi- 
tion, the sodium atoms changing places with the 
atoms of the other metal : 



pb- { 8:5J8: + CO' i %3l = CO' ) 8 } Pb- 

Lead nitrate. Sodium carbonate. Lead carbonate. 

+ 2N0,.0.Na 

Sodium nitrate. 

2 NO,.O.Ag + CO' I g;g^ = CO' 1 3;i| 

Silyer nitrate. Stiver carbonate . 

+ 2N0,.0.]Sra 



The carbonates thus fonned, excepting those of 
alkalies and the thaUium salt, are insoluble in 
water ; instead of neutral salts, basic salts are often 

^^1^— ^^— J > I I I — IMll.MMII ■■■■ ■ ■■■ I I ■ ■■ ■■ ■■ ■■■■■■■ ^■^——^—^■^»^—^^—— ^^—^^ 

* See note, page 118. 
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formed, in consequence of which carbonic anhydride 
is evolved even when the sodium carbonate is added 
^ to a perfectly neutral solution of a metallic salt : 

2S0,{g|Cu' + 2C0|3;g^ + H,0 = 

Copper «]i]|»bate. Sodium carbonate. Water. 

co|o<cS:o;i + '^o.\2,-^i + co.o 

Basic copper carbonate. Sodium sulphate. Carbonic 

anhydride. 

If, however, an excess of sodium carbonate be 
added in the first place, the liberated carbonic an- 
hydride does not escape as a gas, but at once forms 
with the excess of sodium carbonate an acid so- 
dium carbonate : 

CO I g;g^ + co.o + H,0 = 2 CO I g;g^ 

Neutral sodium Carbonic Acid sodium 

carbonate. anhydride. carbonate. 

All carbonates insoluble in water are dissolved by 
dilute acids, whereby carbonic anhydride is sepa- 
rated and immediately evolved in the gaseous state, 
and the salts are dissolved in the liquor, with effer- 
vescence. Hence, a precipitate from an acid metallic 
solution by sodium carbonate cannot be permanent 
until all of the free acid has been neutralized. 

6) Ammonium carbonate, CO | q "a^^ 

The composition of this salt corresponds fully to 
that of sodium carbonate; in place of the two 
atoms of sodium stand the two atom-groups, NH^, 

ammonium: (CO/ { q jjg* 



MAKKER IN WHICH THE REAGENTS WORK. 69 

The action of this reagent is quite similar to that 
of sodium carbonate, only that the ammonium car- 
bonate is often capable of redissolving the pi^pi- 
tate when it is added in excess, giving rise to the 
formation of compounds similar to those 'discussed 
in the section devoted to ammonia. 

The reagents which have hitherto been considered 
with respect to their behavior are chiefly adapted 
for the recognition of bases which may be present, 
excepting the potassium and sodium bases ;* sulphy- 
dric acid alone precipitates some metallic acids from 
acid solutions. The presence of acids cannot be 
demonstrated by these reagents for the reason that 
the basic radicals contained in the latter form solu- 
ble salts with all of the acids. All precipitates 
resulting from the employment of these reagents 
(excepting some by sulphydric acid) indicate the 
presence only of certain bases.* For a recognition 
of the acids,* therefore, other reagents must be 
employed which, conversely, shall precipitate the 
acids; to this requirement such bases respond as 
those which form a number of salts insoluble in 
water. From this it is patent that, fundamentally, 
each reaction may be employed in a twofold sense, 

* When we test for a metal, metallic oxide, etc., as in the preced- 
ing text, we may say in general that we test for the base in contra- 
distinction to testing for the acid, though, strictly speaking, we test 
for the metallic radical which represents, or is part of, the base 
proper from which (according to note, page 88) the salt in solution 
may be regarded as derived. It should be remembered that true 
bases and true acids are compounds of hydrogen. The current 
phraseology of qualitative analysis about testing for the base and for 
the acid is not only convenient and serviceable, but in this sense 
justifiable. 
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namely, for the recognition of the base concerned in 
the reaction as well as for the acid ; but it is easy to 
understand that generally the reaction need be 
characteristic respecting only one of these two direc- 
tions. 

The principal reagents employed for the determi- 
nation of acids are the three following : 1, barium 
chloride ; 2, lead acetate ; 3, silver nitrate. All 
three work in the same manner by double decompo- 
sition, through which their metals form insoluble 
salts with the acids which are to be determined. 
Here also the color, physical condition and solu- 
bility of the precipitates should be carefully ob- 
served. 

1) Barium chloride^ BaCl,. 

Barium chloride is a combination of one atom 
of the bivalent metal barium with two atoms of 
chlorine. It is white, crystalline, and readily soluble 
in water. It gives precipitates with the salts of 
many acids by double metathesis : 

BaTl, + SO. { gg^ = 2NaCl + SO. | g | Ba-' 

Barium Sodium Sodium Barium 

chloride. sulphate. chloride. sulphate. 

The precipitates thus formed are to be tested respect- 
ing their solubility in dilute chlorhydric, or dilute 
nitric, acid. It is necessary to employ the diluted 
acids, because a solution of barium chloride gives, 
with concentrated chlorhydric or nitric acid, a crys- 
talline precipitate of barium chloride or barium 
nitrate, which dissolves readily upon adding water. 
Moreover, if there be in the solution, which is to be 
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tested for an acid, oxides which are precipitated by 
chlorhydric acid (as silver oxide), barium nitrate 
must be employed in pla<;e of barium chloride, and 
the solubility of any resulting precipitate is tested 
with nitric acid. 

2) Lead acetate, W j q CO'.CH 

Neutral lead acetate is produced by the substi- 
tution of the basic hydrogen in two molecules of 
monobasic acetic acid: CH,.CO.OH by one atom 

of bivalent lead : ng' cO O f ^^^ ' ^* ^'^ colorless, 

readily crystallizable, and easy soluble in water. It 
works precisely like barium chloride. The result- 
ing precipitates are to be tested as to their solubility 
in dilute nitric acid. 

3) Silver nitrate, NOj.O.Ag. 

Silver nitrate is formed by substitution of the 
basic hydrogen in one molecrde of monobasic nitric 
acid, NOa.O.H, by one atom of univalent silver: 
NOj.O.Ag. It is colorless, crystallizes readily, and 
is easily soluble in water. Here also, in general, 
that which was stated' under barium chloride holds 
good. Precipitates which this reagent gives are to 
be tested for their solubility in nitric acid and in 
ammonia ; in the latter test care must be taken, of 
course, that no substances are present which would 
be precipitated from solution by ammonia. 

The nine reagents which have been cited are so 
constantly employed that it is of importance to 
know with precision the deportment of each base 
and acid with respect to thenx ; this is aU the more 
necessary since with reference to them we divide the 
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various bodies into groups which axe precipitated 
by them from solutions. If, for instance, sulphy- 
dric acid effects a black precipitate in an acid solu- 
tion, the presence of lead, copper, et<;., is indicated ; 
if this reagent produces no precipitate, then the 
absence of those metals is proved. The api)earances 
which we observe upon the employment of the other 
reagents justify similar conclusions, which are ren- 
dered easily comprehensible by the foregoing re- 
marks. 

There are still other reagents which are not capa- 
ble of such extended application as that which 
characterizes those just considered ; rather are they 
employed only in certain cases to determine the 
presence or absence of a substance with the greatest 
possible definiteness and certainty, or to separate 
sharply one substance from another. In many cases 
an altogether peculiar chemical process occurs in the 
reaction which makes it characteristic for the sub- 
stance under consideration, while in other cases, 
on the contrary, the distinguishing characteristic 
consists exclusively in the occurrence of a precipi- 
tate, often of a peculiar color, or in a change of color 
of the liquid without the separation of any precipi- 
tate, while in all other respects the course of the re- 
action expressed by formulas and equations is quite 
ordinary. As an example of the first sort of peculiar 
reactions may be mentioned the brown coloration 
which nitric acid causes in ferrous solutions ; for the 
second sort, on the other hand, the precipitation of 
silver by chlorhydric acid and soluble metallic 
chlorides ; the red coloration of ferric solutions by 
sodium acetate or potassium sulphocyanate, etc. 
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In the following, several reactions which are of 
frequent application will be treated in a general 
way ; the remaining reactions, on the contrary, will 
be noticed specially in connection with each base or 
acid. 

1) Potassium cyanide^ KCN = KCy. 

Potassium cyanide is a combination of one atom 
of potassium with one univalent atom-group, cyan- 
ogen, which is itself a combination of one atom of 
quadrivalent carbon with one atom of tervalent 
nitrogen : K(C^"N''0 = KCy ; it is white, crystal 
line, very readily soluble in water; the aqueous 
solution soon decomposes with attendant evolution 
of ammonia (and a brown coloration) : 

KCN + 2H,0 = H.CO.OK + NH. 

Fotassiun Water. Potassium Ammonia, 

cyanide. formate. 

• ^ 

the odor of prussic acid [cyanhydric acid] is a con- 
sequence of the action of moist carbonic anhydride : 

2 KCN + H,0 + CO, = CO I 21 + 2 HCN 

Potassium Water. Carbonic Potassium Cyanbydric 

cyanide. anbydride. c£u*bonate. acid. 

With the salts of most of the heavy metals it gives 
precipitates of metallic cyanides insoluble in water ; 
these result from double metathesis : 

NO,.O.Ag + KCy = AgCy + NO..O.K 

Silvernitrate. Potassium Silver Potassium 

cyanide. cyanide. nitrate. 

Zn'Cl, + 2 KCy = Zn'Cy, + 2 KCl '. 

Zinc chloride. - Zinc cyanide. Potassium 

chloride. 
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These metallic cyanides are easily soluble in an ex* 
cess of potassium cyanide forming compounds with 
it, the so-called double cyanides : 

. AgCy + KCy = AgCy.KCy 

SUver Potassium SilTer-potaastum 

cyanide. cyanide, cyanide. 

Fe'Acy, /Fe'Acy..4KCy 

II + 8 KCy = II 

Pe'^/Cy, \Pe'7Cy..4KCy 

Ferrous cyanide. Potassium-ferrous cyanide. 

(Fotassium-f errocyanide. ) 

W A Cy. /Pe'" \ Cy.-3 KCy 

: + 6KGy =1 

Pe" yCy. yPe'" /Cy..3 KCy 

Ferric cyanide. Potassium-ferric cjranide 

(Potassium-ferricyanide.) 

If solutions of these and similar double cyanides are 
brought into contact with metallic solutions, pre- 
cipitates of insoluble double cyanides are formed : 

iv 

Pe' Acy,.4 KCy , ^ , 

II + 4S0JglCu' = 

Pe*''/Cy..4KCy ^"' 

Potassium-ferrous cyanide. Copper sulphate. 

Pe'Acy,.2 CuCy, , ^ ^ 

11 + 4S0, X'l 

Fe*7Cy..2 CuCy. ^ ^'^ 

Cuprio-f errous cyanide. Potassium sulphate. 
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It 

Fe'Acy..4 KCy , ^ j 

Fe'7Cy,.4 KCy ^ ^ ' 

tr 

II r ^ + 2S0. g-| 

Fe*7Cy,.4 KCy ^ ^'^^ 

Potassium-cupric-feiTOiui 
cyanide. 

The chemical behavior of such double cyanides is 
very variable according to the metals contained in 
them. Some of them are easily decomposed by 
chlorhydric acid, sulphydric acid, etc. ; others, on 
the contrary, are not. This variable dei)ortment 
can be turned to account as a means of separating 
the resi)ective metals from each other ; while, for 
instance, potassium-cupric cyanide is not decom- 
posed by sulphydric acid, this reagent precipitates 
cadmium completely, as cadmium sulphide, from 
solutions of potassium-cadmium cyanide : 

2 KCy.CdTy. + H,S = CdS + 2 KCy + 2 HCy. 

Potaasium-cadmiuni Cftdmium Cyanhvdric 

cyanide. sulphide. acid. 

Cobalt and nickel furnish a similar case. Corre- 
sponding distinctions are also manifesIM upon 
treatment to chlorhydric acid and sulphuric acid; 
potassium-silver cyanide is readily decomposed, sep- 
arating silver cyanide : 

KCy.AgCy + HCl = AgCy + HCy + KCl. 

FoteMiiim-flilyer Chlorhydric Silver Qyanhydric Potassium 
cyaaidd. acta. cyanide. acid. chloride. 



7G 
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Potassium-ferroTis cyanide, on the contrary, is so 
changed that the potassinm contained in it is sub- 
stituted by hydrogen : 



iT 




e"'\Cy,.4KCy 



+ 8HC1 = 



Pe'VCy,.4KCy 




e'^X Cy,.4 HCy 



Potassium-f enx>U8 cyanide. GhlorhTdrio 

acid. 



™e'VCy..4HCy 

Ferrous-cvunhydrio 



+ 8KC1 



All simple and double cyanides, soluble and in- 
soluble, are decomposed by heating them with a 
mixture of equal parts of sulphuric acid and water ; 
all of the cyanogen is converted into carbon mon- 
oxide and ammonia : 



Fe^M(CN)..4KCN , ^ ^T 

II +12 SO. ^g + 12 H.0 



Potassium-ferrous cyanide. 



Sulphuric acid. 



. 1 8i + 



4 SO 



Potassium sulphate. 




,.; !">-•{ 8:^: 



.Fe 

Ferrous sulphate. 



Ammonium 
sulphate. 



+ 12 CO 

CartMU monoxide. 
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2) Potassium - f err (ms^ and potassium -ferric^ 
cyanide (potassium-ferro, and potassium-fern, cy- 
anide). 

These compounds belong to the double cyanides 
already mentioned, and to the more stable ones ; 
potassium-ferrous cyanide crystallizes in large quad- 
ratic octohedrons,* and consists of eight atoms of 
potassium, two atoms of quadrivalent iron, and 
twelve atom-groups of cyanogen : 

Fe»Acy,.4KCy 



Pe»7Cy,.4KCy 

Potassium-ferric cyanide forms large red prisms, 
and is composed of six atoms of potassium, two 
atoms of quadrivalent iron, and twelve atoms of 
cyanogen : 



Pe*MCy..3KCy 
'e^7Cy,.3 KCy 



i 



The precipitates which these compounds produce in 
metallic solutions all result from double metathesis, 
by which the potassium is wholly or xxartially re- 
placed by other atoms : 

* StauTOscopic observations made by Pr. von Eobell, Mallard, and 
Wyrouboff have revealed the fact that potassium-ferrous cyanide is 
not optically uniaxial but biaxial, and hence cannot belong to the 
tetragonal system. These authorities regard it as monoclinic. 
(Sitzungsberichte d. k. b. Acad. d. Wiss. zu MUnchen, 1878, 550-551; 
Ann. chim. phys. [4] xvi, 280; zxi, 371.) 
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It 

II + 4S0. giZn' = 

Fe'7Cy,.4KCy ^"' 

FoUussiiim-f erroos cyanide. Zinc sulphate. 

Fe'^yCy,.2ZiiCy, ^"'^ 

ZInc-feiTOiucyaiiide. Potassium sulphate. 

Fe'Acy..3KCy /Fe«'\cy, .Ni'Cy, 

Fe^yCy..3KCy \F&^JGj, .Ni'Cy. 

Potassium-f erric cyanida Kickel chloride. Nickel-ferric cyanide. 

+ 6KC1. 

Potassium chloride. 

Fe^\Cy,.4 KCy , q . 

II + 2S0J^ Cu' = 

Fe'7Cy,.4 KCy ^ ^ ' 

Potassium-ferrous cyanide. Copper sulphate. 

Iv 

!l . + 2S0. g-| 

Fe«7Cy,.4 KCy ^ "'^ 

Potassium-cupric-f errous Potassium sulphate, 

cyanide. 

From these equations it will be seen that all of 
the cyanogen and all of the iron contained in the 
original ferrous or ferric cyanide are contained in 
the precipitates and in the same mutual relations ; 
on this account the hypothesis has been urged that 
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in these two compounds there exist special radicals, 
ferrocyanogen, (Fe^'Cy^f = Cfy ; and ferridcyan- 
ogen, (Fe^'Cye)'" = Cfdy. Both radicals have the 
same composition, but in the first case the iron is 
bivalent, in the second tervalent (the formulas then 
become half as great as those given above). All of 
the reactions of potassium-ferrous and ferric cya- 
nides, however, may be just as easily explained if 
they be considered as double cyanides corresponding 
to the double chlorides, etc., as in the foregoing text.* 

* The whole subject of the ultimate constitution of many of the 
so-called double cyanides is largely a matter of conjecture. A few 
points, some of which have developed from recent studies of cyan- 
ogen compounds, and which present other views concerning the 
structure of some of the compounds cited in the text, may not be out 
of place. 

We are here more especially concerned with the cyanogen radical, 
or rest, than with free cyanogen. This cyanogen radical may appear 
under a twofold guise, thus: — C=N or — N=C. In fact, two 
series of compounds are well known containing these two different 
forms of cyanogen rests, respectively. The compounds containing 
the first form, where the carbon atom of the cyanogen group is' 
directly united to the rest of the compound, R, are called normal 
cyanides or nitriles; those of the second form, where the nitrogen 
of the cyanogen group is quinquivalent, and where it is joined 
directly to R, are called iso-cyanides or iso-nitriles. There is good 
reason to suppose that some of the metallic cyanides are of the 
normal, and some of the iso-, form. The potassium compound is 
regarded as of the normal form, M — C=N, while the silver cyanide 
is thought to be of the iso-form, M — N=C. Some of the reasons 
for these distinctions are the following: If a haloid compound 
(CI, Br, I compound) of an alcohol radical (methyl, CHa ; ethyl, 
CaHft, etc.) be treated to potassium cyanide, there are formed, by 
double metathesis, a potassium haloid compound, and a compound 
of the alcohol rest with a cyanogen rest of the — C=N form. If, 
however, we employ silver cyanide instead of the potassium cyanide, 
we obtain a compound containing cyanogen of the iso-form, — N=C. 
Hence, it seems likely that, in potassium cyanide, the cyanogen rest 
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3) Acids. 

In the section devoted to the action of the three 
general reagents for acids attention was called to the 

Is present in the fonn — C=N ; and in silver cyanide, as — ^N=C. 
The reactions just descitbed may be essentiaUy represented as 
follows: 

RI + K— C=N = Rr-CeN + KI 

Ac7fttide,or 
nitrile. 

and: RI + Ag— N=C = R-N=C + A«I 

An iso-c^ranide, 
oriso-nitrile. 

Argument for the structure of these metallic cyanides, founded 
upon such reactions, is not conclusive. That these compounds of 
the alcohol rests with cyanogen are really so constituted is shown by 
their decomposition products: 

R— (HN + 2HaO = R-CO.OH + NH, 

A gubstituted Ammonia* 
formic add (H— GO.OH). 

but: R~N^ + aHaO ^ R— NH» + H— CO— OH 

An amine, or Formic acid, 

substituted ammonia 
(H-NH,). 

Finally, it is not unlikely that one and the same simple cyanide may 
isomerize now into the one form, RCN, now ipto the other, RNO, 
tinder varying conditions, among which, perhaps, temperature may 
be regarded as the most important. 

A very important property of these cyanogen rests is their tend- 
ency to polymerize, that is, to unite and condense to form a radical 
of higher molecular weight, of the same percentage composition: 
(OnNJ". The structure of such polymeric forms is not known with 
certainty, but a plausible constitution, which accords well with 
established facts, has been assigned (see Wislicenus^s edition of 
Btrecker's Lehrb. der org. Chem. 6te Aufi. S. d4): 



I = (CaNO* 



I. 



IMcyanocpen rest 
(bivaieQt), 
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fact that all of the precipitates resulting from these 
tests were to be examined concerning their solubility 
in certain acids, since some of them are soluble 

C=N— 

Iso-dicyanogen rest 
(kuvalent). 

— Cb:N 

N-C- = (C,N,)"' 

Tricyanogen rest 
(tenralent). 

cen— 



yr- 



Iso-tricjanogen rest * 
(tervalent). 

Further, we may suppose, with reason, that a polycyanogen group 
occurs containing both the normal and the iso-form: 

— C=N 

Whatever may be the ultimate constitution of such condensed 
cyanogen groups, it is especially important to bear in mind that for 
every single CN group so condensing, a free valence is brought into 
the resulting polymerized product ; thus we have : 

(ON)' ; (C«N.)' (C,N,)-. 

It now seems probable that, in all of the so-called double cyanides, 
the cyanogen is present in such polymerized forms. Such a concep- 
tion at least obviates the necessity of a ** molecular addition" in the 
sense of that expression respecting double salts, and brings these 
under the more ordinary category of atomic constitution, based 
exclusively upon the valences of the several atoms. 

From what has been said of potassium cyanide, and of silver 
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therein, while others are insoluble. The latter, in- 
soluble precipitates, therefore, may also be obtained 
by the addition of the free acid to the metallic solu- 
tion, but the former, soluble ones, cannot be so pro- 
duced. The action of the acid in this case is based 
upon double metathesis ; the free acid added to the 
solution forms with the metallic oxide present an 
insoluble compound, while the acid of the salt 
which was originally present is set free, and gener- 
ally remains in solution : 

NO,.O.Ag + HCl = AgCl + NO,.O.H. 

SUver nitrate. Chlorhydric Silver chloride Nitric acid. 

acid. (insoluble). 

Ba'Cl, 4- SO,Jq§ = SO,j3}Ba' + 2HCL 

Barium Sulphuric Barium Chlorhydric 

chloride. acid. sulphate. acid. 

cyanide, and of polymerization, the following formula for the double 
potassium-silver cyanide seems plausible : 

K— C=N 
Ag— NEC 
Ferrous-cyanhydric acid becomes: 

^FaIv\ — (C«^s) :"'H» 

■re \ /r> XT \."/rr 



If we substitute, in this formula, atoms of metal for atoms of H, we 
obtain the respective metallic ferrous cyanide, just as metallic 
chlorides are derived from HCl by substitution of M' for H'. 

The metallic ferric cyanides may be likewise regarded as derived 
from ferric cyanhydric acid of the constitution : 

Te-\-(s«s»^;;;g» 



y \=(C,N,)."'H 
*® /-(C,N,):"'H, 
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The entire process, then, consists of the exchange of 
places between the basic hydrogen of the added free 
acid and the metallic atom of the salt present. 

Similar processes may also occur without the 
formation of a precipitate, as when the acid which 
is added is stronger than the acid contained in the^ 
salt in solution : a solution of sodium acetate is quite 
odorless, but if sulphuric acid be added the pungent 
odor of acetic acid is at once perceptible ; a chemical 
reaction has taken place, of which the products are 
acid sodium sulphate and acetic acid : 

CH,.CO.O.Na + SoJg-g = CH..CO.OH 

Sodium acetate. Sulphuric acid. Acetic acid. 

Acid sodium sulphate. 

If the liberated acid is more volatile than the one 
which was added, then it (in general, the more vola- 
tile one) may be completely expelled from the result- 
ing mixture by proper application of heat ; if the 
mixture of acetic acid and* acid sodium sulphate be 
distilled, the acetic acid volatilizes completely, and 
may be collected in the proper apparatus. (If, on 
the contrary, the separated acid is less volatile than 
that acid which was added, the latter acid will be 
volatilized by subsequent heating, and the original 
compound regenerated ; in this sense silicic acid 
expels sulphuric acid from potassium sulphate at the 
temperature of fusion, forming potassium silicate.) 

If, therefore, it is desired to ascertain whether an 
easily volatile acid be pi*esent in a substance, sul- 
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phuric acid is poured upon it, and, if necessary, heat 
is applied ; an evolution of acid vapors demonstrates 
the presence of a volatile acid. 



CHARACTERISTIC AND SPECIAL REAC- 
TIONS OP THE MOST IMPORTANT 
BASES AND ACIDS. 

In this section a succinct presentation of charac- 
teristic reactions will be given, and particularly of 
such reactions as involve special chemical processes ; 
an equation for the course of the reaction will be 
given only in cases where it is not rendered plain by 
the foregoing considerations- 

I. Bases.* 
a) metallic oxides, from the acid solutioks 

OF WHICH precipitates ARE PRODUCED BY 

sulphydric acid. 

a) The precipitated metallic sulphides are insolvr 
hie in am/monium sulphide. 

1) Cvpric oxide. 

The solutions of this oxide are especially dis- 
tinguished by their behavior toward a solution of 
sodium hydroxide, solution of ammonia and ammo- 
nium carbonate, and solution of potassium-ferrous 
cyanide. The light-blue precipitate produced by 

* See note, page 69 
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sodium hydroxide solution is cupric hydroxide, 
Cu''(OH)„ which upon heating, or long standing, 
liberates water, and becomes black in consequence : 

Cu^ J O.H 

^c-iai = cJo.]^^' + 2H.0 

^^ I O.H 

Cupric hydroxide Copper-dicupric hydroxide Water. 

(blue). (black). 

With ammonia and ammonium carbonate there 
are formed at first light-blue or bluish-green precipi- 
tates, which dissolve in excess of the precipitant 
very easily, producing a t*eautiful azure-blue color, 
and forming ammonio-copper compounds (see page 
65). Potassium-ferrous cyanide gives, in acid solu- 
tions, precipitates of copper-ferrous cyanide (see 
page 74) of a red to brownish-red color. 

2) Bisjnuthous oxide. 

Its solutions are distinguished by their behavior 
toward water, by which they are precipitated : 

( O.NO, ( O.NO. 

Bi^^^lO.NO, f 2H,0 = Br' -^ O.H 
( O.NO, ( O.H 

Neutral bismuthous Water. Basic bismuthouA 

nitrate. nitrate. 

+ 2N0,.0.H. 

Nitric acid. 

Bi'"a, + H.0 = Bi"'0.'Cl + 2 HCl 

( Bismuth Bismuth Chlorhydric 

trichloride. oxychloride, acid. 

or Bismuthyl chloride. 

Here the water acts as a base, inasmuch as it ab- 
stracts a portion of the nitric acid radicals from the 
bismuth salt ; but it acts also as an acid, since its 
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elements enter into the basic salt in the place of 
the acid groups N0,.0 which have been expelled. 
In the case of bismuth chloride, the corresponding 
compound, Bi"XOH),Cl, appears to be incapable 
of existence, decomposing at once into Bi'^'O.Cl 
+ H,0. Bismuth oxychloride is almost absolutely 
insoluble in water, while the basic nitrate is only 
difficultly soluble; hence the latter is not precipi- 
tated from somewhat acid solutions which are 
already dilute upon the further addition of water, 
while even in such dilute solutions a precipitation 
immediately ensues upon the addition of some chlor- 
hydric acid or of a soluble metallic chloride : 

BV'' lo.R + HCl = Bi'^^ ] Xi + NO..O.H + H,0 
( O.H ^ ^ 

Basic bismuthous Chlorhvdrio Bismuth Nitric acid. Water, 

nitrate. acid. oxychloride. 

All basic bismuth compounds are readily soluble in 
concentrated acids ; but tartaric acid does not cause 
the cloudiness occasioned by water in bismuth solu- 
tions to disappear. 

3) Cadmium oxide. 

For the solutions of this metallic oxide the yellow 
precipitate, insoluble in ammonium sulphide, pro- 
duced by sulphydric acid is characteristic. The 
hydroxide is soluble in ammonia, but not in solution 
of sodium hydroxide (distinction from bismuth, 
lead and zinc) ; cadmium carbonate is likewise in- 
soluble in ammonium carbonate. 

4) Mercuric oxide. 

Its solutions are distinguished from all others by 
their behavior toward sulphydric acid. If this re- 
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agent be added in small quantities to an excess of 
the solution of the salt there is first formed a white 
precipitate insoluble in water and dilute acids, which 
becomes yellow upon further addition of sulphydric 
acid, then brown, and finally black, being converted 
into mercuric sulphide. The white precipitate which 
forms at first is a combination of mercuric sulphide 
with mercuric chloride, mercuric nitrate, etc. ; its 
formation takes place in accordance with the follow- 
ing equation : 

SHg'Cl. 4- 2H.S = Hg'il + 4HC1 

Hg'jgi 

Mercuric Sulphydric White Chlorhjdric 

chloride. acid. compound. acid. 

The black mercuric sulphide is insoluble even when 
boiled in dilute nitric acid (distinction from lead, 
copper, bismuth, silver, cadmium). In alkaline sul- 
phides it is insoluble; but if some solution of 
sodium hydroxide be added, it dissolves. 

Solution of sodium hydroxide in excess precipi- 
tates yellow anhydrous mercuric oxide (see above).* 
Ammonia produces white precipitates, some of. 
which are soluble in excess of the precipitant (when 
mercuric nitrate is employed), others insoluble which 
contain the elements of ammonia (see above), t Thus, 
in a solution of merci'ric chloride, ammonia effects 
a white, insoluble precipitate : 

Hg^Cl, + 2NH. = NH,.Hg^Cl + NH,.C1 

Mercuric Ammonia. So-called " infusible Ammonium 

chloride. white precipitate." chloride. 

^1 ■ — — — - ■ ■ - — - ■ ■ -^ 

* Under the reagent potassium (or sodium) hydroxide, page 08. 
f Under the reagent ammonia, page 65. 
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Similar precipitates are produced by the caustic 
alkalies and the alkaline carbonates when the solu- 
tion of mercuric oxide contains ammonium salts. It 
should be remarked that, in some respects, the 
chemical behavior of a solution of mercuric chloride 
is different from that of a solution of mercuric 
nitrate : while the latter is precipitated by sodium 
phosphate, oxalic acid, potassium-ferric cyanide, 
and urea, the former remains clear when these re- 
agents are applied. 

5"! Mercurous oxide. 

From solutions of this metallic oxide, sulphydric 
acid at once precipitates black mercurous sulphide, 

Hg'Y 

S''. Solution of sodium hydroxide precipi- 

tates black mercurous oxide. Ammonia and ammo- 
nium carbonate also precipitate black compounds 
which contain the elements of ammonia. Chlor- 
hydric acid and soluble chlorides precipitate white 
mercurous chloride (calomel) in accordance with the 
equation : 



I 



"8 \v-^^v, / iJ-s 

J +2HC1= J + 2N0,.0.H 

rig'/O.NO. VHg 



Mercurous nitrate. Chlorhjdrio Mercurous Nitric acid. 

acid. chloride. 



this precipitate is insoluble in water and dilute acids, 
soluble in hot concentrated nitric acid or aqua regia ; 
it becomes blackened by ammonia, but is not dis- 
solved (distinction from lead and silver). 
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6) Argentic oxide. 

Solutions of this oxide are quite sharply charac- 
terized by their reactions with chlorhydric acid and 
soluble metallic chlorides, by which, even in the 
most dilute solutions, a white precipitate of sUver 
chloride, insoluble in water and dilute acids, is 
formed (see page 48). If the silver chloride be pre- 
cipitated in the dark it is perfectly white whUe 
fresh, but becomes colored violet to black in tl^e 
light, chlorine being set free ; it is easily soluble in 
ammonia, and may readily be completely precipi- 
tated again from such solution by dilute nitric acid. 
In the alkaline chlorides, as well as in hot, concen- 
trated chlorhydric acid, it is somewhat soluble ; 
hence, when endeavoring to ascertain whether or not 
ammonia has extracted small quantities of silver 
chloride from a precipitate effected by chlorhydric 
acid, the ammoniacal liquor should not be acidified 
with chlorhydric acid, since, undej" such circum- 
stances, small quantities of the silver chloride would 
remain dissolved. Silver chloride is soluble also in 
potassium cyanide, forming thereby potassium-silver 
cyanide ; it dissolves also in sodium thiosulphite. 

Solution of sodium hydroxide precipitates brown 
silver oxide. 

7) Plumhoua oxide. 

The salts of this metallic oxide are also precipi- 
tated by chlorhydric acid and soluble metallic 
chlorides; the white precipitate of lead chloride 
however, is not absolutely insoluble in water, but 
only difficultly soluble, and disappears, therefore, 
upon the addition of much water ; indeed, it is not 
produced at all in dilute solutions* In hot water 
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and in hot concentrated chlorhydric acid it is toler- 
ably soluble and crystallizes in needles upon cool- 
ing; in dilute chlorhydric acid or nitric acid it is 
less soluble than in pure water ; ammonia does not 
dissolve it, and the precipitate remains white. Solu- 
tions of this oxide are also precipitated by dilute 
sulphuric acid (see page 71) ; the lead sulphate is not 
absolutely insoluble in nitric acid, but is precipita- 
ted from this solution by excess of sulphuric acid ; 
it is soluble in sodium hydroxide, basic ammonium 
tartrate, and in concentrated chlorhydric acid. It 
should be mentioned that solutions of lead oxide 
containing much chlorhydric acid are sometimes 
precipitated red by sulphydric acid ; there is then 
formed a compound similar to the white precipitate 
mentioned under mercuric oxide. Sodium hydrox- 
ide solution and ammonia precipitate white lead 

Q^ which is insoluble in an ex- 
cess of the former precipitant. 

b) The precipitated metallic sulphides are solvr 
hie in ammonium sulphide. 

8) Stannous oxide. 

The solutions of this oxide are precipitated brown 
by sulphydric acid ; the precipitate of stannous sul- 
phide, Sn^S, is insoluble in colorless ammonium sul- 
phide, but soluble in the yellow ; the reaction here 
involved has been already explained. AU of the 
solutions of stannous oxide, and esi)eciaUy the 
chlorhydric acid solution or solution of stannous 
chloride, evince a strong tendency to form higher 
grades of oxidation, hence they act as energetic re- 



CHABACTBRISTIC AND SPECIAL EEACTI0K8. 91 

ducing agents ; ferric chloride becomes reduced to 
ferrous chloride, and, notably, mercuric chloride is 
first reduced to mercurous chloride, and subse- 
quently to metallic mercury : 



2Hg'Cl. + Sn^Cl.* = 1 J J_ + Sn^-Cl, 



Hg^XCl 
[gVCl 



and, 



Mercuric Stannous Uercurous Stannic 

diloride. ohlorido. chloride. chloride. 

J + Sn'Cl,* = 2 Hg + Sn'^Cl. 

Vrig'/Cl 

Mercurous Mercury, 

chloride. 

This reaction is very delicate and characteristic. 
Sodium hydroxide and ammonia precipitate stannous 
hydroxide, which is soluble in excess of the f or^aer 
reagent ; if this solution does not contain too much 
of the caustic soda it deposits stannous oxide upon 
boiling. Alkaline carbonates likewise precipitate 
only stannous hydroxide, with simultaneous evolu- 
tion of carbonic anhydride (see page 67). 

9) Stannic oxide. 

From the solutions of this oxide caustic alkalies 
and their carbonates precipitate stannic hydroxide, 
which is soluble in solution of sodium hydroxide. 
The yellow to light-brown stannic sulphide is readily 
soluble in ammonium sulphide (see page 61), but is 
insoluble in ammonium carbonate and acid potas- 
sium sulphite (distinction from arsenic). Metallic 

* See note, page 13. 
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zinc, in presence of free chlorhydric acid, precipi- 
tates metallic tin, which, if it be again dissolved in 
chlorhydric acid, gives the reactions for stannous 
chloride : 

Sn^^Cl, + 2Zn' = Sn + 2 ZnTl, 

stannic Zinc. Tin. Zinc 

diloride. chloride. 

10) Arsenioua oxide [areenious anhydride]. 

The pure aqueous solution of arsenious oxide is 
not precipitated by sulphydric acid, but is only 
colored yellow ; the precipitation commences im- 
mediately, however, upon the addition of a few 
drops of chlorhydric acid ; the yellow precipitate is 
characteristic in its behavior : it is readily soluble 
in ammonia, in caustic alkalies and their carbonates, 
as well as in acid potassium sulphite. The solu- 
bility of the arsenic trisulphide in the caustic alka- 
lies or their carbonates depends upon the simul- 
taneous formation of a sulpho, and an oxygen, 
salt: 

(S.Na 

As'^'S.S.As^^S + 4NaOH = As''' ^ S.Na 

(S.Na 

Arsenic trisulphide. Sodium hydroxide. Sodium 

Bulpharsenite. 

+ As"'O.O.Na + 2H,0 

Sodium arsenite.* Water. 

If an alkaline carbonate be employed, carbonic an- 
hydride is either evolved or is retained by an excess 
of the alkaline salt ; if chlorhydric acid be added to 
the alkaline solution all of the arsenic is re-precipi- 
tated as trisulphide (see page 62) ; but if an ammo- 
niacal solution of silver nitrate is added silver sul- 
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phide is formed, and, only oxygen salts remain in the 
Uquor. The action of the silver oxide is thus shown : 

( S.Na 
As'"-^S.Na + 3Ag,0 + H,0 = 3 Ag,S 

( S.Na 

Sodium Silver Water. Silver 

lulphiurseiiite.'*' oxide. sulphide. 

+ As"'O.O.Na + 2NaOH 

Sodium arsenite.'* Sodium hydrozida. 

The solution of the trisulphide in acid potassium 
sulphite takes place with attendant formation of 
potassium thiosulphate : 

3 As'"S.S.As'''S + 16 SO { §2 = 4 AsO.O.K 

Arsenic trisulphide. Acid potassium Potassium 

sulphite.t arsenite. 

+ 6 so, j ^^ + 3 S + 7 so, + 8 H,0 

Potassium Sulphur. Sulphurous Water, 

thiosulphate. anhydride. 

* It has been generally held that arsenious acid functionates as 

(OH 
a tribasic, and as a monobasic, acid: Ask OH or AsO.OH. In 

(oh 

accordance with this tribasic form the corresponding sulph-acid 

(SH 
would be, as in the text. As < SH. J. Thomsen (Deut. Chem. Ges. 



(SH 

t. As \ SH. J. 

(SH 



Ber. vii. 935) argues that arsenious acid is dibasic, and perhaps 
monobasic, 
t Sulphurous acid (liypothetical) is now regarded by some writers 

as SOs ] ^y which is a monobasic acid inasmuch as it has but one 

hydroxyl group, but which admits of ready substitution of its re- 
maining atom of H by M'. Accordingly, the salt hitherto regarded 
as acid potassium sulphite becomes a neutral salt, while the salt 
usually called neutral potassium sulphite becomes potassium potas- 
sium-sulphite, i.e. a salt of potassium-sulphurous acid. 
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By treatment to hydrogen in statu nascendi (zinc 
with HCl) all of the oxygen of the arsenic trioxide 
may be abstracted, the hydrogen taking its place : 

As'^'O.O.As'^O + 12H = 2As"'H. + 3H,0 

Araenious oxide.* Hydrogen. Arsenic tri- Water. 

hydride 

(Arsenuretted 

hydrogen). 

The formation of the arsenic trihydride in this way 
is i)erf ectly analogous to the formation of ammonia 
from nitrous acid (see page 22). It should be stated 
that arsenuretted hydrogen is exceedingly poison- 
ous ; if it be conducted through a tube heated to 
redness it is decomposed into hydrogen and arsenic 
vapor. 

Arsenious oxide may be distinguished from arsenic 
oxide by its behavior toward an alkaline solution of 
copper ; if arsenious oxide be dissolved in a solu- 
tion of sodium hydroxide, and a copper solution be 
added, a solution of a beautiful blue color results, 
which, upon boiling, separates red cuprous oxide : 

As"'O.ONa + 2NaOH + 2 Cu^OH). = 

Sodium arsenite.t Sodium hydroxide. Cupric hydroxide. 

(O.Na 

As'O-^O.Na + 11 10' + 3H.0- 
(O.Na 

Sodium arsenate. Cuprous oxide. Water. 

11) Arsenic oxide [arsenic anhydride]. 
Acid solutions of this oxide are especially charac- 
terized by their behavior toward sulphydric acid ; 

♦ See note, page 27. f S^® rioie, page 93. 
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if this gas be conducted into a solution of arsenic 
oxide, there is, at first and especially in the cold, no 
perceptible reaction ; after long standing (sometimes 
from twelve to twenty-four hours), more quickly by 
heating, a precipitate forms, consisting at first of 
sulphur, afterwards of arsenic trisulphide, since the 
arsenic oxide is first reduced by the sulphydric acid 
to arsenious oxide, which is then precipitated as tri- 
sulphide by the added fresh portions of the sulphy- 
dric acid. 

Accordingly, the precipitation of arsenic acid- by 
this reagent is completed in two phases, and the 
precipitate, which contains five atoms of sulphur to 
two of arsenic, is not a proper chemical compound, 
but a mixture of arsenic trisulphide and of free 
sulphur in that proportion. The reactions occur as 
follows : 

(O.H 
L2As^0^0.H + 2H,S = As"'O.O.As''^0 
(O.H 

Arsenic acid. Siilph;p'dric Arsenious oxide.* 

acid. 

+ 2S + 6H,0 

Sulphur. Water. 

n. As"'0.0. As"'0+ 3 H.S = As"'S.S. As"'S + 3 H.0 

Arsenious oxide.* Arsenic trisulphide. 

(O.H 
or : 3 As'O -^ O.H + 5 H,S = A8"'S. S. As'"S + 2 S 

( O.H V , ! ' 

Mixed precipitate. 

+ 8 H.0 



"j-^ 



* See note, page 27. 
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Arsenic acid comports itself with respect to bases 
like phosphoric acid, and forms, as phosphoric acid 
does, an ammonium-magnesium double salt (see 
below, under phosphoric acid). 

12) Antimonoua oxide [antimonous anhydride]. 

Solutions of this oxide are distinguished by the 
orange-red precipitate which sulphydric acid effects ; 
the precipitate is readily soluble in ammonium sul- 
phide, but insoluble in ammonium carbonate and in 
acid potassium sulphite (distinction from arsenic). 
By caustic alkalies and their carbonates only the 
antimonyl hydroxide [SbO.OH, antimonous acid] is 
precipitated. Water precipitates the so-called pow- 
der of Algaroth (of variable composition), or basic 
antimony chloride ; this reaction is the same as the 
corresponding one for bismuth, only the antimony 
precipitate is readily soluble in tartaric acid. * K 
the oxide be treated to nascent hydrogen, antimon- 
uretted hydrogen [antimony trihydride] is formed, 
in strict analogy to the formation of arsenuretted 
hydrogen. 

* According to the amount of water added to a solution of anti- 
mony trichloride the precipitate may be as follows: 

SbCl, -f HaO = SbO.a + 2Ha 

or, by large quantities of water : 

4 SbCl, + 5 HaO = Sb4aaO, + 10 Ha ; 

by a great excess of water, and after longer action of the water, there 
is formed antimonous oxide: 

2SbCl, + 3H,0 = Sb,0, + 6 Ha 

(See Sabanejew, Zeits. tXa Ckem. [2] vii. 204; also Menschutkin, 
Analyt. Chem. DeuOsch, Auag, 1877, S. 281.) 
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B) METALLIC OXIDES, THE ACID SOLUTIOJJTS OF 
WHICH ARE KOT, BUT WHOSE ALKALINE SOLU- 
TIOJJTS ABE, PRECIPITATED BY SULPHYDEIC ACID. 

13) Zinc oodde. 

Ammonium sulphide precipitates white zinc mono- 
sulphide from solutions of this metallic oxide, which 
dissolves easily in dilute chlorhydric acid, even 
when the acid is cold ; it is noteworthy that sulphy- 
dric acid precipitates a part of the zinc from per- 
fectly neutral solutions until the free acid hereby 
produced prevents further precipitation, while, on 
the contrary, such acid solutions as contain only a 
free organic acid (as acetic acid, lactic acid, etc. ) are 
completely precipitated by this reagent. 

Ammonia precipitates zinc hydroxide, which dis- 
solves readily in an excess of the precipitant as well 
as in ammonium chloride (distinction from alumin- 
ium oxide). 

14) Manganous oxide,* 

Ammonium sulphide precipitates a flesh-colored 
precipitate of manganous sulphide, which dissolves 
easily even in acetic acid. Sodium hydroxide solu- 
tion and ammonia (if there is no ammonium chloride 
present) precipitate white manganous hydroxide, 
which, in contact with the air, is rapidly further 
oxidized, becoming darker colored and finally 
blackish-brown. The manganic hydroxide formed 
is readily soluble in a cold, concentrated solution of 

* Molecular formulas for manganous and manganic compounds 
should be written analogously to those for ferrous and ferric com- 
pounds, if it be desirable to be strictly consequential in this matter. 
(See pp. 18, 26, 45.) 
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CO.OH 
oxalic acid, [ I ], producing a violet-red 

CO.OH 
solution which soon decolorizes with attendant liberar 
tion of carbonic anhydride : 




,.^o- 



2C0.0 + 




Manganic oxalate. Carbonic anhydride. Hanganous oxalate. 

If a solution of manganous nitrate, free from chlo- 
rine, be boiled with plumbic oxide [PbO J and nitric 
acid, the liquid assumes a deep violet-red color, 
due to the formation of permanganic acid : 

2Mn-' j3;^2» + 5PW^0/ + 6N0..0.H 



Manganous nitrate.* 



Plumbic oxide. 



Nitric acid. 



= 2Mn^0..0.H + 5Pb^ j§-§3' + 2H,0 



Permanganic acid. 



Plumbous nitrate. 



Water. 



15) Cdbaltous oxide. 

In solutions of this oxide ammonium sulphide 
effects a black precipitate of cobaltous sulphide, 
which is almost insoluble in dilute, cold chlorhydric 

♦ Perhaps it would be as well, here, to write 



'■ .^ /.O.NO, 
^^V.o.NO. 



in accord with the "ous" manganese salt last mentioned, manganoud 
oxalate. 
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acid (distmction from iron) ; from a solution acidi- 
fied with acetic acid it is not precipitated by sulphy- 
dric acid. Ammonia occasions a blue precipitate, 
which dissolves easily in an excess of that precipi- 
tant ; the resulting solution is distinguished for the 
avidity with which it absorbs oxygen from the air, 
becoming brown, whereupon it is found to contain 
ammoniacal cobaltic oxide compounds. Potassium 

/Co'\Cy. 
cyanide effects a brownish precipitate, ( II ) in 

VCoVCy. 
cobaltous solutions, which dissolves in an excess of 
the potassium cyanide, forming at first the salt, 
8 KCy.2 CoCy,*. If the solution of this compound 
be boiled, under the addition of some solution of 
potassium cyanide, hydrogen gas is liberated and 
potassium-cobaltic cyanide is formed, corresponding 
to potassium-ferric cyanide : 

Co^ A Cy..4 KCy /co^ A Cy..3 KCy 

11 + 2H.0 =M I 

Co^V Cy..4 KCy \Co^7 Cy..3 KCy 

Potassium cobaltous Water. Potassium cobaltio 

cyanide.* cyanide.* 

+ 2 KOH + H. 

Potassiiun Hydrogen, 
hydroxide. 



* These complex cyanides may, and now probably should be, 

written as compounds containing cyanogen in polymeric forms 
according to note on page 79. 

/Co" A -<^«^«> •"'^> /Poi A -(^^«) •"'^« 

\^ /-(C.N,):"'K. \^<^ >^-(C,N,):'"K. 

Potassium colMhltous Potassium oobaltle 

cyanide. cyanide. 
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In cobaltons solutions acidified with acetic acid 
a concentrated solution of i)otassium nitrite, aided 
by gently warming the liquid, produces a yellow, 
pulverulent precipitate of potassium-cobaltic nitrite : 



If 



, I g j ' + 12 NO.O.K + 2 CH..CO.OH 

Cobaltous sulphate. Potassium nitrite. Acetic acid. 

„ ( O.NO ) 
Co'A < O.NO } .3 NO.OK 

O.H -L 2 SO i O^ 

.Co'V hI O.NO Ls NO.OK 
(O.H i 

Basic potassium-cobaltic nitrite. Potassium sulphate. 

+ 2CII/J0.0K + 2N0 

Potassium acetate. Nitroii^n 

monoxide. 

The equation indicates that the quadrivalent dia- 
tomic cobalt radical is converted into the sexivalent 
radical (since its two atoms are now held together 
by only one valence of each), and the two valences 
thus rendered available are each saturated by the 
radicals, hydroxyl, these latter being derived from 
the nitrous acid (which was liberated by the acetic 
acid), of which the other ingredients are evolved as 
nitrogen monoxide. Potassium-cobaltic nitrite is 
not insoluble in water and dilute acids, but is in- 
soluble in a liquid which contains potassium nitrite. 

16) NickdouB oxide. 

Its solutions exhibit great similarity to those of 
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cobaltdus oxide in their behavior, especially respect- 
ing ammonium sulphide, inasmuch as the precipi- 
tated nickelous sulphide is just as insoluble in dilute 
and cold acids as the cobaltous sulphide is ; it is 
distinguished from the latter, however, in that it is 
slightly soluble in ammonium sulphide, especially 
when free ammonia is present, producing a brown- 
colored liquid. 

By potassium cyanide or cyanhydric acid all of 
the nickel is precipitated as nickelous cyanide, 
which is soluble in potassium cyanide ; this solu- 
tion remains unchanged by boiling, and hence, after 
boiling, may be precipitated by chlorhydric acid 
(distinction from cobalt). Nickel solutions are not 
precipitated by potassium nitrite (distinction from 
cobalt). A further characteristic for nickel solu- 
tions is the blue color produced by the solution of 
the precipitates effected by ammonia, in an excess 
of that precipitant; this solution in ammonia ab- 
sorbs no oxygen from the air. 

17) Ferrous oxide. 

Solutions of ferrous oxide are precipitated black 
by ammonium-sulphide (when very dilute they are 
often only colored greenish) ; the precipitate dis- 
solves easily in cold, dilute acids (distinction from 
cobalt and nickel). Caustic alkalies and their car- 
bonates produce, at first, white precipitates of 
ferrous hydroxide and ferrous carbonate, which, 
however, absorb oxygen from the air, become 
rapidly green, then dingy brown to black, and 
finally reddish-brown. Ammoniuiji chloride pre- 
vents the precipitation by ammonia (see page 65). 

Potassium-ferrous cyanide produces in ferrous 
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solutions a bluish- white precipitate, which, in con- 
tact with the air or when treated to chlorine or to 
nitric acid, assumes a very beautiful blue color. 

/Fe^^Cy, 
The precipitate is not pure ferrous cyanide I || I , 

\Fe*VCy, 

but, according to the varying conditions attending 
its formation, contains various quantities of potas- 
sium ; most generally it is produced in accordance 
with the following equation : 



Fe*ACy..4KCy) 

II ^+3 

Fe*VCy..4KCy 





Potassiuxn-f errous cyanide. 



Ferrous sulphate. 



6 so 



(0. 
MO. 



O.K 
K 



Potassium 
sulphate. 



It 



+ 



Pe"\Cy..4KCy /Fe 
\Pe/Cy, 



.Pe'VCy, 




'Fe\Cy. 



IT /Fe\( 

>"\Cy..( II ) 

i /Fei:Cy. 
'•VCy..( II ) 

VPe/Cy, 



White precipitate. Potassiuxn-ferro-ferrous cyanide.* 



* This is to be regarded as a compound precipitate of a ferro- 
ferrous cyanide i^ferro signifying that ferrous radicals substitute the 
potassium atoms of the potassium-ferrous cyanide, or the hydrogen 
atoms of the corresponding hydrogen-ferrous cyanide == ferrous- 
cyanhydric acid) and 'of a ferro-potassium-ferrous cyanide (see note, 
page 79). This reaction, in the sense of these notes on cyanides, may 
then be written: 



X 
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The equation shows that the compound is produced 
by partial substitution of the potassium atoms of 
the potassium-ferrous cyanide by quadrivalent, dia- 
tomic radicals of iron [i.e., by " ous" iron]. 

Potassium-ferric cyanide immediately produces in 
ferrous solutions, a blue precipitate, the so-called 
Berlin (Tumbull' s) blue, which also often contains 
potassium; precipitated from strongly acid solu- 
tions, it is formed as follows z 




Fe^A Cy..3 KCy ) ' 
Fe*- yCy..3 KCy j 



Potassium-ferric cyanide. 



Fe'MCa, 

" - 
Fe'yCl. 

Ferrous chloride. 



= 12KC1 



Potassium 
chloride. 



Fe'Acy,.Cy,(Fe'^ = Fe'7"Cy,.Cy./Pe'^ 
+ 1 I Cy,.Cy,(Fe" = Fe'7-Cy,.CyJ | 
Fe'7Cy,.Cy.(Fe" = Fe'7'Cy..Cy.\Fe' 



"Tumbull'sblue." 



It 



/PeiA-<c.N.);;;=K. 

Ve /_^C3N,)"'=K, 
Potassium-ferrous cyanide. 



(olii: = '-i»- 



O.K 
K 



Ferrous sulphate. 



Potassium 
sulphate. 




Ferro-f errous cyanide. 



e"'\-{C,N,)"'=K, 
\-(C.N.)"'=K, ,^ 

j— (C,N.)"'=/^®"\ 

Ferro-potassium-f errous cyanide. 



* In harmony with the views set forth in these notes the reaction 
and compounds would be thus written: 
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Ferrous solutions are further distinguished for 
their tendency to absorb nitrogen monoxide gas, 
forming soluble, blackish-brown compounds (see 
under nitric acid). 

18) Ferric oxide. 

Solutions of this oxide are reduced tty sulphydric 
acid, with separation of sulphur (see above, page 56). 
Ammonium sulphide produces a black precipitate 
consisting of a mixture of sulphur and ferrous sul- 
phide : 



▼1 


iv 


/Fe'Aci. 


/Fe'MS' 


+ 3 Am,S = 6 AmCl + 
\Fe«7Cl. 


yFe'yS' 


Ferric chloride. Ammonium Ammonium 

sulphide. chloride. 


Ferrous 
sulphide. 


+ s 




Sulphur. 





\Fe»VZl 



'Feiv\-(C3N3)"'=K, 
^^ V(C3N3)"'-K , 
=(CsN3)"'-K "T" 
•(C3N3)"'=Ka 



+ 



Iv 

/Fe'Aci, 
\Fe'VCla ~ 

vi ^"^ 

'Fe'^\ /Fe'A 

\-(C3N3)"'^/ II ) 

)=(CsN,)"'-^ W 
v/-(CsN3)"'= /Fe'v\ 

'\-(C3N3y"= \FeV 
\^{n,'sr.\"' iv 



= 12KC1 



vFe» 




=(03X3)'" 



=(C3N3)"'-. /Fc'A 



Tumbull's blue, or ferro-ferric cyanide iferro 
indicating t\iaX ferrous molecules substi- 
tute the K atoms of the original 
potassium-ferric cyanide). 
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Caustic alkalies and their carbonates effect red- 
dish-brown precipitates of ferric hydroxide. Potas- 
sium sulphocyanate imparts a dark blood-red color 
to acid solutions of ferric oxide, forming soluble 
ferric sulphocyanate by double decomposition (dis- 
tinction from ferrous oxide). 

Potassium-ferrous cyanide produces, at once, a 
precipitate of Berlin blue which, like the corre- 
si)onding precipitate mentioned above, often con- 
tains some potassium. It forms according to the 
following equation : 

rFe*^\Cya.4KCy) 



8 



▼i 






Cya.4 



KCyf 



+ 4 






W 



a, 



= 2iKa. 



+ 



Cy, 






/Pe^^XCya 
WCy. 



Cy2(Fe=Fe)I:Cy, 
Cya(Fe=Fe)*^Cy, 



Cy a.Cya /Te^^X Cya.Cya(Fe=Fe)*^Cya.Cya /Fe»^\ Cya.Cy 



Cya/Fe*'' 



Berlin blue.* 



Cy 



.w 



m 



According to the preceding notes this >You]d be written: 



It 



vl 






vi 



II J-(C3N3)'" = 
*® /— (C3N3)"' = 

iv 
\-(C3N3y"= /Fc\ 

]-(C3N3)"=( I ) 

-(C.N,)'"-?^ T* 

y-{c.N,)"'^ A'n 

!,N,)"V v% 



+ 4 



f if" = 

\rc/Cl3 



= 24KC1 




(The constitution formulas for 
these "blues'* eiven in the notes 
appear to be the simplest and al- 
together the best. For detailed 
discussions, see Skraup, Sitssunes- 
berichte d. Akad. zu wien 74 [2te 
Abth.l, S. 313; Wyrouboff, Ann, de 
chim. et de phys. [5], 8, p. 468. See 
also, Erlenmeyer's Lehrb. der org. 
Chem. and wislicenus's edition of 
Strecker's Lehrb. der org. Chem.) 



Fe\_(C. „ , 

.Fe/ 

Ferri-ferrous cyanide iferri indicating that ferric 

molecules have taken the place of the K atoms 

in the original potassium-ferrous cyanide). 



.N.)"'= ^; 
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C) METALLIC OXIDES, WHICH ARE PRECIPITATED 
AS HYDROXIDES BY AMMONIUM SULPHIDE EROM 
NEUTRAL SOLUTIONS. 

19) Chromic oxide. 

From solutions of this metallic oxide ammoninm 
sulpliide precipitates the hydroxide and not the sul- 
phide (see p. 60). Caustic alkalies, as well as their 
carbonates, also precipitate chromic hydroxide, 
which dissolves readily in solution of sodium 
hydroxide, but is precipitated from such solution 
by boiling. If the alkaline (green) solution of 
chromic oxide be warmed with some plumbic oxide 
[PbO ,] it assumes a yellow color in consequence of 
the formation of sodium chromate : 

ro.H 

O.H 

gg + 4Na.0.H + 3Pb*^0. 

o!h 

O.H 

Chromic hydroxide. Sodium Plumbic 

hydroxide. oxide. 

= 2Cr-0.{3;g^ + 3Pb')gg + 2H.O 

Sodium chromate. Plumbous hydroxide. Water. 

The plumbous hydroxide formed remains dissolved 
in the excess of alkali.* 

20) Aluminio oxide 

Solutions of this oxide exhibit great similarity to 
those of chromic oxide in their behavior ; this oxide 

* The plumbous hydroxide acts toward the sodium hydroxide as 
an acid, forming sodiiun plumbite. 
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is also soluble in solution of sodium hydroxide, but 
is not precipitated from the solution by boiling. 
If, however, ammonium chloride be added, the 
aluminic oxide separates as a white, gelatinous pre- 
cipitate [the hydrqxide] ; this is because the sodium 
hydroxide decomposes the ammonium chloride, 
forming sodium chloride and free ammonia; since 
the latter is almost wholly incapable of holding the 
aluminic oxide in solution it separates out. Small 
quantities of aluminic oxide dissolved in much soda 
lye are detected in this way with difficulty, and 
often quite elude observation, since, on the one 
hand, there is no means of determining when all of 
the free sodium hydroxide has been converted into 
sodium chloride by the ammonium chloride, and, 
on the other hand, large quantities of free ammonia 
dissolve a significant amount of aluminic oxide. A 
safer way, therefore, is to add just enough chlorhy- 
dric acid to the solution, which is alkaUne with 
sodium hydroxide, to cause it to react acid, and 
then by the addition of a few drops of ammonia 
restore the alkaline reaction : 



APyO.Na). 
AF/CO-Na), 



L 1^ __ + 6NH,C1 + 6H,0 



Sodium aluminate. Ammonium Water. 

chloride. 

vi 

A1«A(0.H). 



+ 6 NaCl + 6 NH. + 6 H,0 
Al»y(O.H). 

Aluminic hydroxide. Sodium Ammonia. 

chloride. 



( 
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d) metallic oxides, the solutions of which 
are not precipitated by ammonium sulphide, 
but are precipitated by ammonium carbonate. 

21) Barium monoxide. 

Solutions of this oxide are not precipitated by 
sulphydric acid, ammonium sulphide or ammonia ; 
they are precipitated by solution of sodium hydr- 
oxide only when they are rather concentrated — 
the precipitate of hydrated barium hydroxide, 

Ba'^ I Q g + ^ ■^«^) ' ^^ completely soluble in 

much water — and by alkaline carbonates even when 
more dilute. Barium carbonate is somewhat soluble 
in water containing carbonic anhydride in solution, 
but separates upon warming the liquid, especially 
upon the addition of some ammonia. Sulphuric 
acid precipitates barium sulphate even from the 
most dilute solutions (see above, page 44) ; solutions 
of sulphates effect the same result, notably even a 
solution of calcium sulphate, which immediately 
produces a precipitate in solutions of barium. 

Silicofluoric acid produces a precipitate of barium 
silicofluoride (distinction from strontium and cal- 
cium) : 

Ba"Cl, + 2(HF).Si»^F, = Ba'F,.Si»^F, + 2HC1 

Barium Silicofluoric Barium Chlorhydric 

chloride. acid. silicofluoride. acid. 

Potassium dichromate precipitates yellow barium 
chromate, which is difficultly soluble in dilute acids 
(distinction from strontium and calcium). 

22) Strontium monoxide. 

Respecting sulphydric acid, ammonium sulphide, 
caustic alkalies and their carbonates, the solutions 
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of strontium monoxide manifest the same behavior 
which has been cited for barium monoxide. Sul- 
phuric acid precipitates also solutions of strontium 
monoxide, but the precipitated strontium sulphate 
is not quite as insoluble in water and dilute acids as 
the barium sulphate, hence it happens that the solu- 
tion of calcium sulphate does not effect a precipitate 
at once, but only after a few minutes. Potassium 
dichromate and silicofluoric acid do not precipitate 
strontium monoxide solutions (distinction from 
barium). 

23) Calcium monoxide. 

Solutions of this oxide also display the same 
behavior toward the six general reagents as that of 
strontium and barium monoxides ; by sulphuric 
acid there is produced a precipitate of hydrated 

calcium sulphate, gypsum, Ca" j q [ SO, '+ 2 11,0, 

only this is not pulverulent but coarsely flocculent ; 
it dissolves in about 400 parts of water, much easier 
in dilute acids, but is insoluble in alcohol. There- 
fore, from moderately dilute solutions the precipita- 
tion of calcium monoxide occurs only after long 
standing (and then in distinct little crystals), and 
from very dilute solutions it is not thus precipitated 
at all. Ammonium oxalate produces a pulverulent 
precipitate of calcium oxalate which is readily solu- 
ble in chlorhydric and nitric acids, but insoluble in 
acetic acid and oxalic acid (distinction from mag- 
nesium but not from barium and strontium). 

24) Magnesium mmioxide. 

The solutions of this oxide are not precipitated by 
sulphydric acid and ammonium sulphide, but are 



110 drechsel's iin:RODucTiOK. 

precipitated by ammonia (distinction from barium, 
strontium and calcium) ; the precipitate of magne- 
sium hydroxide is easily soluble in ammonium 
chloride (see above, page 66). Sodium hydroxide 
solution also precipitates magnesium hydroxide; 
sodium carbonate precipitates basic magnesium car- 
bonate, while a part of the magnesium remains in 
solution as an acid carbonate : 

6Mg'{g}sO. + 6 g|;3}cO + 6H,0 

Hagnesiuin sulphate. Sodium carbonate. Water. 

= (4Mg'|g[cO + Mg'jg;! + 4H,0) 

Basic magnesium carbonate.* 



CO ' ^'^ 



^^ I O.H 

Acid magnesium Sodiimi sulphate, 

carbonate. 

* As thus written, the compound appears as a mixture of a neutral 
salt and a molecule of the free base, and four molecules of water, 
i.e., a mixture and not a true chemical compound unless we regard 
it as in the category of double salt "molecular additions" (see 
note, page 66). The magnesium compound proper, considered as a 
true basic carbonate, would be thus written: 



Mg- ®' 



^«'lo 
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If the solution of the acid magnesium carbonate be 
heated to boiling, carbonic anhydride is evolved and 
the neutral carbonate is precipitated : 

Ms* i acoSi = ^g 1 } CO + co.o + H,o 

Acid magnesium Neutral magnesium Carbonic Water, 

carbonate. carbonate. anJiydride. 

The precipitate of basic magnesium carbonate is 
easily soluble in ammonium chloride. Ammonium 
carbonate produces a precipitate in rather dilute 
solutions of magnesium monoxide only after some 
time has elapsed. Upon the addition of a consider- 
able excess of a concentrated solution of neutral 
ammonium carbonate to a concentrated solution of 
magnesium monoxide, a crystalline precipitate of 
ammonium-magnesium carbonate is formed, vrhich 
is almost insoluble in a concentrated solution of 
ammonium carbonate : 

SO.jgJMg' + 2C0{8iS 

liagnesium sulphate. Ammonium carbonate. 

_ <,^ I O.Am , -^, j O.CO.O.Ain 
- ^0'J0.Ain + ^g io.CO.O.Am 

Ammonium sulphate. Ammonium-magnesium 

carbonate. 

Monacidic sodium phosphate effects a voluminous 
flocculent precipitate of magnesium phosphate in 
solutions which are not too dilute ; this precipitate 
becomes crystalline after a while, and from dilute 
solutions it separates only after some time, and then 
it crystallizes out ; when freshly precipitated it is 
somewhat soluble in ammonium chloride, but the 
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solution soon becomes cloudy, a crystalline powder 
separating ; but if a great excess of ammonia is 
added, a crystalline precipitate of ammonium-mag- 
nesium phosphate is formed, insoluble in dilute 
ammonia : 

(O.Na 
MgCl, + P^O-^O.Na + H,N.O.H 

(O.H 

Magnecdum Disodic^ or monacidic Ammonium 

chloride. sodium, phosphate. hydroxide. 



= P'o]o}^S' _|. 2NaCl 
i O.NH. 



+ H,0 



Ammonium-magnesium Sodium Water, 

phosphate. chloride. 



e) metallic oxides, the solutions of which 

A.BE not precipitated BY ANY OF THE SIX GEN- 
BBAL BEAGENTS. 

25) Potdssium monoxide. 

Potassium is precipitated from its solution by 
only a few reagents. Tartaric acid produces, either 
at once or upon shaking the solution, a white, crys- 
talline precipitate of acid potassium tartrate : 

NO,.O.K + (C,H.O.)' j co.aH 

Potassium nitrate. Tartaric acid.* 

= (C.H.O,)' { caal + NO..O.H 

Acid potassium tartrate. Kitric acid. 



* The fully resolved formula is: 
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This precipitate is not insoluble in water, and there- 
fore is not produced in dilute solutions ; it is still 
more soluble in dilute acids, but is precipitated from 
such solutions by careful addition of sodium hydr- 
oxide solution. The reaction is more delicate when, 
instead of tartaric acid, a concentrated solution of 
acid sodium tartrate is employed. Farther, acid 
solutions, especially chlorhydric acid solutions, of 
potassium monoxide are precipitated by platinic 
chloride ; the crystalline precipitate is potassium- 
platinic chloride : 2 KCl.Pt^^Cl,, difficultly soluble 
in water and dilute acids, insoluble in absolute 
alcohol. 

26) Sodium monoxide. 

Solutions of this oxide are precipitated neither by 
the six general reagents, nor by those special ones 
which precipitate potassium. It is best recognized 
by the extremely intensive and characteristic yellow 
color which it imparts to the colorless flame of a 
Bunsen burner.* 

27) Ammonia. 

Although this is no metallic oxide, it should find 
mention here nevertheless, since its compounds are 



CO. OH 
OH 
OH 

I 

CO. OH 



CH.< 
CH.( 



(a dibasic acid, only the H atoms of the groups CO. OH being re- 
placeable by metals to form salts). 

* Of course, any hot, colorless flame will answer the purpose. A 
good alcohol flame gives the test very satisfactorily. 
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so similar to those of potassium and sodium mon- 
oxides in their behavior. It is precipitated just as 
potassium is, and by the same reagents; it is 
characteristic for its salts that they are all volatile, 
excepting those salts of acids which are not volatile 
even upon ignition. Another distinguishing mark 
is that they all emit the characteristic odor of 
ammonia when treated to soda lye, even in the cold. 
Moreover, gaseous ammonia forms white clouds 
with chlorhydric acid vapors, and renders reddened 
litmus-paper blue. 



II. Acids. 

a) oxygen acids. 

a) Solutions of their neutral salts are precipi- 
tated by barium chloride. 

1) Sulphuric add. 

For sulphuric acid, and for sulphates, the precipi- 
tation by barium chloride, and by lead acetate is 
characteristic (see pp. 70-71). Upon concentrating 
free sulphuric acid by evaporation it chars organic 
substances like paper, sugar, etc., very easily. 

2) Thiosulphuric acid. 

The salts of this acid yield precipitates with 
barium chloride, lead acetate and silver nitrate; 
the barium thiosulphate is soluble in much hot 
water ; the lead and silver salts are readily soluble 
in sodium thiosulphate. It is characteristic for this 
acid that it cannot exist in the free state ; if other 
acids, as chlorhydric, sulphuric acid, etc., are add- 
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ed to solntions of its salts the acid decomposes, 
thns: 



I OH 

ihuric 
acicl.* anhydride. 



Thiosuli)huric Sulphurous Sulphur. Water. 

anhi " 



The thiosulphate salts of the heavy metals, espe- 
cially the silver salt, decompose easily, upon being 
warmed or upon long standing beneath the surface 
of the liquid from which they were precipitated, 
into sulphuric acid and metallic sulphide : 

S-OS' I g:^| + H.0 = so. I g:| + Ag.S 

Silver Water. Sulphuric acid. Silver 

thiosulphate.* sulphide. 

With ferric chloride, the aqueous solutions of 
thiosulphates give a violet-red color which vanishes 
gradually, tetrathionic acid being formed : 

vi ir 

+ 2S0S "-g^ =11 

Ferric chloride. Sodium thiosulphate.* Ferrous chloride. 






+ X + 2NaCl 

S"0s{8.ka 

Sodium tetrathionatct Sodiimi chloride. 



* The more plausible formula for this acid is that given by the 
author on page 93. SO, j q^ 

f The constitution formulas generally accepted for the polythionic 
acids at the present time are: 
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The red coloration disappears more rapidly upon 
I the addition of a trace of copper sulphate. 
3) Chromic acid,* 

S^COH 
S^»0,.OH 

Dithionic add. 
S^*Oa.OH 

i- 

S^C.OH 

Trlthionic acid. 
S^Oa.OH 

I 

S^iQa.OH 
Tetrathionic acid, etc. 

In accordance with these formulas and the one given bv the author 
for thiosulphuric acid on page 98, this reaction becomes: 

)vi ^^ jO.Na «^ (O.Na 

CI3 ^^» \ S.Na ^^« "I S 

CI, o^ ( S.Na "" Ro i S 

^^^ \ O.Na ^^^ \ O.Na 

It 

, /Fe'ACU 
+ I II I + 2Naa 



/Fe'ACla 
\FeiVCl« 



* Acid chromates in the proper sense of the term, i.e., with OH 
groups of the original acid still present in the salt, are not known. 
Under ordinary circumstances, it appears that hydroxyl, OH, can- 
not maintain a direct union with the radical CrOs. Those chromates 
sometimes called acid chromates, but oftener bichromates or di- 
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All of the salts and solutions of this acid are 
yellow or red ; a further characteristic is the facility 
with which chromic acid may be reduced to chromic 
oxide, whereby the color of the liquid becomes 
green. If sulphydric acid be conducted through a 
chromic acid solution, the latter turns green and, 
simultaneously, becomes cloudy from the sulphur 
which is separated (see page 66) ; if a chromate salt 
be boiled with concentrated chlorhydric acid, chlo- 
rine is evolved and chromic oxide is formed (see 
below, under chlorhydric acid) ; if, finally, organic 
substances are boiled with a chromate and dilute 
sulphuric acid, the chromic acid is likewise reduced; 
for example, by alcohol : 

4CrO, j ^;| + 30 SO, { qIh + ^ CH3.CH,.0H 

Potassiiiin chromate. Sulphuric acid. Ethyl alcohol. 

= 4S0. gl+s I {gjso. 

Potassium sulphate. Chromic sulphate. 

+ 3 CH..CO.OH + 13 H,0 

Acetic acid. Water. 



chromates, are salts of dichromic acid (not known in the free state), 

CrOa.OH 

A 

CrOa.OH 

fOH 
qH is not known in the free state, nor 

& proper acid salt of it. 
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4) Carbonic acid.* 

The salts of this acid are characterized by the 
energetic evolution of gas (carbonic anhydride) when 
- they are brought into contact with dilute mineral 
acids [inorganic acids] ; the gas itself is odorless, 
colorless, neither combustible nor capable of sup- 
porting combustion ; it reddens moist blue litmus- 
paper feebly, and produces in lime-, or baryta- water, 
white, flocculent precipitates of calcium carbonate 
or barium carbonate, respectively. 

6) Silicic a^d.f 

This acid is chiefly characterized by its behavior 
in the free state as it is separated from its com- 
pounds by stronger acids. • If a silicate salt be 
decomposed by a small quantity of concentrated 
acid, there is obtained a stiff, jelly-like mass of 
silicic acid, which partially dissolves upon being 
boiled with much water (it is seldom that the silicic 
acid separates out as a powder). If a large quantity 



It 

* Carbonic acid appears as a dibasic acid, CO(OH)a, in the 

It 

mineral kingdom. Its anhydride, COa, has been currently called 
carbonic acid, which appellation has now become a misnomer, since 
acids are hydrogen compounds. In organic compounds carbonic 

acid appears not infrequently as a tetrabasic acid, C(OH)4. 

iv 

f Silicic acid functionates both as dibasic, SiO(OH)9, and as 

iv 

tetrabasic, Si(0H)4, in both organic and inorganic compounds. 
Possibly it has, in complex molecules, still higher basicities. It is 
difficult to. obtain free silicic acid of constant composition, but the 
jelly-like product obtained by decomposing silicates by acids is, 
after cautious drying over HaSOi, approximately SiO(OH)a. The 
anhydride of this acid, SiOa, has been commonly called silicic acid, 
just as COa has been called carbonic acid. 



OHABACTEBISTIO AKD SPECIAL BEAGTIONS. 119 

of a dilute acid be employed for the decomposition 
of the silicate (especially in the case of a solution 
of an alkaline silicate), the liberated silicic acid may 
remain wholly in solution, and by evaporating to a 
certain degree of concentration the entire liquid be- 
comes solidified to a jelly. If this jelly-like silicic 
acid is dried upon the water bath it is rendered in- 
soluble in water, but still may be easily dissolved 
by boiling with a solution of sodium carbonate. 

In fluorhydric acid silicic anhydride is readily 
soluble, and the solution volatilizes, leaving no resi- 
due, smce the silicic anhydride is converted into 
silicic fluoride gas, which is evolved : 

Sr-0. + 4HF = Sr^F, + 2H,0 

Sflidc Fluorhydrio Silicic Water, 

anhydride. iicid. fluoride. 

6) PhospTioric acid.* 

Phosphoric acid displays certain peculiarities 

* The phosphoric acid of the text, the tribasic acid, is often called 
or^Ao-phosphoric acid in distinction from m«to-phosphoric acid, 
which is monobasic, corresponding to nitric acid: POa.O.H. 

Diphosphoric acid, often called pyrophosphoric acid, is derived 
from condensation of two molecules of tribasic phosphoric acid, with 
elimination of one molecule of HaO, thus: 

P^O^ OH P''^ '^^ 



'O I 



OH 




F'O 



The formula indicates that it is tetrabasic. Corresponding to diphos- 
phoric acid we have disulphuric acid: 

S^COH 
>0 
S^COH 
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which result from its constitution. It is tribasic, 
i.e., contains three hydroxyl groups, whose hydro- 
gen atoms may be replaced by metals, and accord- 
ing as one, two, or three of those hydrogen atoms 
are so substituted, three different series of salts are 
formed : 

(O.H 
(P^OyWO.H 

(O.Me 

Diaddic metallic phosphate. 

(O.H 
(P'O)'" \ O.Me 
( O.Me 

Honacidic metallic phosphate. 

( O.Me 

(P'O)'" \ O.Me 

I O.Me 

Neutral metallic phosphate. 

(The customary, but erroneous terminology for these 
series has been, acid, neutral and basic phosphate). 
The salts of the first of the above series are all 
soluble in water, but this is true of only those salts 

(not to be confounded with dithionic acid) and dichromic acid: 

CrOa.OH 
>0 
CrOa.OH 

this dichromic acid is Icnown only in its salts (see note, page 116). 
Salts are known which are derived from acids resulting from stiU 
higher condensations of both forms of phosphoric acid and of 
phosphorous acid. 
Phosphorous acid is dibasic: 

Hypophosphorous acid is monobasic: 

HaP'O.OH 
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of the second and third series which are salts of an 
alkaline base. If salts of the second and third series 
be treated to acids they dissolve, in most cases, 
whereby a salt of the first series is prodnced : 

(0.H 
(01 , P^OJO.H 

2 P'O ] O j ^*' + 3 NO,.O.H = 13} Ca' 

|0.H 

Monacidic calcium phosphate. Nitric acid. Diacidic calcium phosphate.* 

+ ^^ 10.N0. 

Calcium nitrate. 

O.H 
O.H 

3 } Ba' + 2 Ba'Cl, 

O.H 
O.H 

Neutral barium Biacidlc barium Barium 

phosphate. phosphate.* chloride. 

* It might be urged that, according to note on page 88, these two 
salts are tetracidic since they contain four atoms of hydrogen 
replaceable by basic radicals. From the constitution of phosphoric 
acid it will be seen that it is impossible to form a diacidic salt from 
a bitalent metal and one molecule of the acid, since there would 

result: POkO"^ , a monacidic salt. Hence we have to em- 
(O.H 

ploy two molecules of the acid which gives, rrferred to eoich single 

maleeiUe of the acid used, a diacidic salt; thus we have: 

O.H 
PO ^ O.H 




8 (Me- 



PO -! O.H 
O.H 
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PO \ O.Na + 2 SO J X-^ = PO \ 0.H 
( O.Na ^ ^-^ I O.Na 

Neutral sodium Sulphuric aoid. Diacidic sodium 

phospbAto. phosphate. 



+ ^so.{8:g' 



.Na 

Add sodium sulphate. 




Since all of tlie salts of the first series are soluble, it 
follows that none of them can be obtained as pre- 
cipitates by double decomposition; this may be 
done, however, with the salts of the last two series. 
The alkaline phosphates of the third series precipi- 
tate simply salts of the same series, from neutral 
solutions: 



2 PO \ olNa + 3 Pb' \ ^-JJ^* = 
'O.Na (U.JNU, 



Neutral sodium Lead nitrate. Neutaral lead 

phosphate. phosphate. 

+ 6 NO,. O.Na 

Sodium nitrate. 

It is otherwise with the alkaline salts of the second 
series ; these precipitate sometimes a monacidic salt 
and sometimes a neutral salt; the latter result 
obtains more especially in the case of the heavy 
metals. The reactions occur as follows : 

(O.Na (0 )n^. 

PO^ O.Na + CaTl. = PO^ O f ^^ + 2NaCl 
( O.H ( O.H 

Monacidic sodium Calcium Monacidic calcium Sodium 

phosphate. chloride. phoflfphate. chloride. 
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and 

( O.Na ( O.Ag 

PO I O.Na + 3 N"0,.0. Ag = PO < O.Ag 

( O.H ( O.Ag 

Moiiacidic Silver nitrate. Neutral silver 

sodium phosphate, 

phof^hate. 

+ 2 NO,.O.Na + NO,.O.H 

Sodium nitrate. Nitric acid. 

The formation of the neutral phosphate is a con- 
sequence of the substitution not only of the two 
sodium atoms of the sodium salt by silver atoms, 
but also of the hydrogen atom by silver ; this cir- 
cumstance is a striking bit of evidence that this 
hydrogen atom exerts the same chemical function 
as that exerted by the two sodium atoms, i.e. is of 
basic nature ; it is seen from this, moreover, that 
true acids, as nitric acid, in the above equation, are 
essentially salts, in which the hydrogen exerts the 
same chemical function as that exerted by the 
metals in metallic salts. Naturally, that which has 
been stated and illustrated for phosphoric acid 
holds good also for the monobasic and dibasic acids, 
which contain respectively one and two hydroxyl 
groups, whose hydrogen atoms are readily replace- 
able by atoms of metals. 

With an ammoniacal solution of magnesium mon- 
oxide there is formed, by monacidic sodium phos- 
- phate, a white, crystalline precipitate of ammonium- 
]f magnesium phosphate (see page 112); arsenic acid 
produces a quite similar precipitate of ammonium- 
magnesium arsenate, from an acid solution of which, 
however, sulphydric acid precipitates arsenious 
sulphide [As,S, or As^SJ. Ferric chloride gives a 
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yeUowish-wliite precipitate of ferric phosphate, 
easily soluble in chlorhydric acid, somewhat soluble 
in a solution of ferric acetate, but insoluble in acetic 
acid. 

If to an acid solution (best, nitric acid) of a phos- 
phate salt a nitric acid solution of ammonium molyb- 
date in considerable excess be added, there is formed, 
more quickly by heating gently, a light yellow, 
pulverulent precipitate, consisting of molybdic an- 
hydride, ammonia, phosphoric acid (it contains 
about three per cent, of phosphoric anhydride) and 
water. The chemical constitution of this compound 
is not known with certainty ; it is somewhat soluble 
in water and in dilute acid, especially phosphoric 
acid ; it is readily soluble in alkalies, but completely 
insoluble in acid liquors containing molybdic acid 
and ammonia.* 

7) Oxalio acid. 

For this acid the following reactions are important 
and characteristic. If oxalic acid (or one of its salts) in 
the dry state be heated with concentrated sulphuric 
acid, an evolution of gas soon ensues ; if this gas be 
conducted into lime-water a white flocculent preci- 
pitate is produced (calcium carbonate) ; if the gas 
be collected over soda lye [strong solution of sodium 



* Debray (Bull. Soc. Chim. [2] X. 869) has assigned the formula 
for the composition of this compound: 

2 P^OCO.NHO. . 20 MoO, + 8H,0 

But C. Kammelsberg (Berlin Akad. Ber. 1877, 578) has later urged 
the formula: 

8R',0 -I- P,0. + 22MoO. + 12H,0 
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hydroxide] the carbonic anhydride is absorbed and 
a gas remains whic^, when ignited, bums with a 
blue flame ; this gas is carbon monoxide. The de- 
composition of oxalic acid is completed as follows : 



,i 



CO.O.H 

= CO + CO.O + H.0 
0.0.H 

Oxalic acid Carbon Carbonic Water. 

monoxide. anhydride. 

Salts of this acid, oxalates, decompose similarly : 

CO.O.K ( r\ XT 

io.O.K = '" 1 O^ + ^° 

Potassium Potassium Carbon 

oxalate. carbonate. monoxide^ 

C0.O) 

I VMg* = MgO 4- CO.O + CO 
CO.O ) 

Magnesium Hainiesium Carbonic Carbon 

oxalate. monoxide. anhydride. monoxide. 

with salts of certain of the heavy metals, however, 
reduction occurs: 



CO.O) 

y Fe^ = Pe + 2 CO.O* 
!0.0) 

Ferrous oxalate. Zroo. Carbonic aahsrdride. 



A 



* In harmony with the equations previously given for Iron re- 
actions, this one might be written: 



co.o- 



(!jO.O-.\Fe»', 



s Fet + 4CaO 
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By oxidation oxalic acid is converted into carbonic 
anhydride, as when it is heated with dilute sulph- 
nric acid and manganese dioxide : 

CO.O.H / r\ TT 

I + so, g-g + Mn'-O. 

COO.H ^"'^ 

Oxalic acid. Sulphuric acid. Manganese dioxide. 

= 2 CO.O + SO, I 3 I Mn' + 2 H,0 * . 

Carbonic Manghnous sulphate. Water, 

anhydride. 

Solutions of oxalic acid and of alkaline oxalates 
are precipitated by calcium chloride ; the precipitate 
is calcium oxalate, which is practically insoluble in 
acetic acid and in oxalic acid but is readily soluble in 
chlorhydric acid or nitric acid ; it is therefore pre- 
cipitated from this latter solution by addition of 
sodium acetate, since in place of free nitric acid 
there is produced free acetic acid, which is not a 
solvent for the precipitate. 

8) Boric acid^f 

Of the salts of this acid only those of alkaline 

* We may consider two phases of this reaction, separately: 

^Mn» A ] R [ SO, 
L2BO,^XS + 2Mn»^0, = I || I X +2HaO+0, 



and. 



io.H + ^^<^«-(^X..;|0|so. 



CO.O. 

n.2i 

CO.O. 



H 
H + 



O, = 2H,0 + 4 CO.O 



f Boric anhydride is BaOs . Boric acid assumes Yarious guises. 

Its most simple form appears to be BO. OH, which may be regarded 

(OH 
as the first anhydride of the form B < OH . These formulas show 

(oia 
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bases are soluble in water ; if a concentrated solution 
of such, be mixed with strong chlorhydric acid, boric 
acid crystallizes out. This precipitate is soluble in 
hot water and crystallizes out again upon cooling. 
If silver nitrate be added to a concentrated solution 
of an alkaline borate, a white precipitate of silver 
borate is produced ; nevertheless, a dilute solution 
of alkaline borate yields a brown precipitate of 
argentic oxide, the water acting as a base with re- 
spect to the boric acid. 

b) Solutions of their neutral salts are notprecvp- 
itated hy harium chloride. 

9) Nitric acid. 

All salts of this acid, with the exception of a few 
basic salts, are soluble in water. The behavior of 
nitric acid toward the metals has been already dis- 
cussed at length ; in order to recognize its presence 
in such combinations it is set free by the addition 
of concentrated sulphuric acid, and a piece of clean 
metallic copper is immersed in the liquid, whereupon 

that the first acid is monobasic, the second tribasic. The tribasic 
form is especially frequent in organic compounds. Most of the 
common inorganic borates are salts of a complex boric acid, which 
may best be regarded as formed by the union of several molecules of 
the anhydrides of the tribasic acid. Common anhydrated borax is 
the sodium salt of such an acid, the composition of which admits of 
more than one interpretation respecting its constitution; one of these 
which seems plausible is: 



(b"'<^: 



;>B'" r— O.Na 
^B'"<3>B'" I'— O.Na 

The corresponding acid may be regarded as derived from condensa* 
tion of four molecules of the tribasic acid, B(0H)3, by elimination of 
five molecules of water and union of the rests. 
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an evolution of nitrogen monoxide occurs. The 
most delicate, and at the same time most character* 
istic, reaction for nitric acid is the brown coloration 
which it produces when mixed with ferrous salts. 
If to such a ferrous solution (acidified) nitric acid be 
added, and the mixture warmed, the liquid becomes 
colored dark brown to black, at first ; suddenly, 
however, an energetic evolution of gas commences 
(nitrogen monoxide) and the liquid assumes a light 
reddish-yellow color, becoming transparent, when it 
contains only ferric oxide in solution. In this oxi- 
dation the following reaction occurs : 

I O 1 + 3 so, ) g-| + 3 NO,.O.H 

rierroiu sulphate,* Sulphuric acid. Nitric acid, 

= 2NO + 4H.O + 3 J g so. . 

Nitrogen monoxide. Water. Ferric sulphate. 

Before the commencement of the reaction the sub- 
stances in the left-hand member of the equation were 
present; after its completion, those of the right- 
hand member ; during the reaction, however, all of 
the substances of both members of the equation must 
have been present, and under these circumstances 
the nitrogen monoxide, already formed, combined 
with the as yet unoxidized portion of the ferrous 

♦ See note, page 6. 




Fe' 
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salt, forming the compound soluble in water with 
the dark-brown color ; if, later, the ferrous oxide of 
this newly-formed compound becomes oxidized, the 
liberated nitrogen monoxide must escape as gas — 
the fluid suddenly froths. In order to recognize 
nitric acid by means of this reaction the best method 
of procedure is to mix the solution to be inspected 
with an equal volume of pure, concentrated sulphu- 
ric acid and then to carefully pour upon this hot 
liquid a layer of a solution of ferrous sulphate. If 
nitric acid be present, there is formed, either at once 
or after a little while, a brown ring where the two 
layers of liquids are in contact. 

Heat effects the decomposition of all nitrates ; 
alkaline nitrates give off oxygen at first, and a 
nitrite salt is left : 

NO,.O.K - NO.O.K -f O ; 

Potassium nitrate. Potassium nitrite. Oxygen. 

afterwards this nitrite is partially decomposed ; the 
other nitrates yield oxygen and nitrous anhydride 
or hyponitric oxide, leaving a residue of an oxide, 
dioxide, etc. (manganese) : 

Pb^ { oIno! == ^^^ + Nao.No. + o . 

Plumbous nitrate. Plumbous oxide. Hyponitric oxide. Oxygen. 

10) Chloric add. 

All of the salts of this acid are also soluble in 

water. By the agency of heat, most chlorates give 

off all of their oxygen, a metaUic chloride remain- 

ing: 

C10,.0.K = KCl + 0. 

Potassium Potassium Oxygen, 

chlorate. chloride. 



^\^0 
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Others yield oxygen and cUorine, a metallic oxide 
resulting : 

^'CIO! = ^^^ + 6 O + 2 CI . 

Maffnesluni Magnesium Oxygen. Chlorine, 

cmorate. monoxide. 

Stai others decompose according to both equations. 
The alkaline chlorates decompose first into metaUic 
chloride, a perchlorate salt and oxygen : 

2CrO..O.K = C1^0..0.K + KCl + O. 

Potawdnm Potassium Potassium Oxygen, 

chlorate. perchlorate. chloride. 

but this perchlorate decomposes afterward into 
metallic chloride and oxygen. 

Chlorhydric acid decomposes chloric acid (and its 
salts) as follows : 

6 C10..0.K + 10 HCl = 

Potassium chlorate. Chlorhydric add. 

6 KCl + 4 CI + C1,0..2C1.0. + 5 H.0 . 

Potassium Chlorine. Chlorous-chloric Water, 

chloride. anhydride. 

When treated to concentrated sulphuric acid, chloric 
ax!id and its salts manifest a very peculiar deport, 
ment ; there is formed a yellowish-green gas, hyjK)- 
chloric oxide, which is absorbed by the sulphuric 
acid, producing a yellowish-brown coloration : 

3 C10,.0.K + 3 SO, j 3;]^ 

Potassium Sulphuric 

chlorate. acid. 

= 8 SO, I 3 H + CIO.O.CIO. + C1'^,.0.H + H.O 

Add potassium Hypochloric Perchloric Water, 

sulphate. oxide add. 
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B) ACIDS NOT CONTAIKING OXYGEN. [HYDRACIDS]. 

a) Their neutral salts are precipitated hy harivmt 
chloride. 

11) Fluorhydric add. 

This acid is produced by the action of concentrated 
snlphuric acid upon metallic fluorides : 

Ca^F. + SO. j g-g = 2 HF + SO. j § | Ca^ 

Calcium Sulphuric Fluorhydric Calcium 

fluoride. acid. acid. sulphate. 

and is chiefly characterized by its reactions with 
sOicic anhydride and with silicates. In the condition 
of vapor as well as aqueous acid (especially in pres- 
ence of sulphuric acid) it decomposes with silicic 
anhydride, as f oUows : 

Sr^O, + 4HF = Sr^F, + 2H.0 . 

Silicic Fluorhydric Silicic Water, 

anhydride. acid. fluoride. 

If the fluorhydric acid be employed for this reaction 
in the state of vapor, the silicic fluoride formed is at 
once evolved with the excess of fluorhydric acid ; if 
it be employed in solution, the following compound 
is formed : 

SiF, + 2HF = 2(HF).SiF, 

Silicic Fluorhrdrio Silicofluoric 

fluoride. add. acid. 

which remains dissolved in the water and, upon 
evaporation of the solution, decomposes into its two 
components and volatilizes. In the formation of 
gaseous silicic fluoride lies the explanation of the 
fact that vapors of fluorhydric acid will etch glass. 

b) Their neutral salts are not precipitated hy 
barium chloride. 



132 
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12) Chlorhydric add. 

Concerning the reactions of this acid with lead 
and silver salts, see under these salts. The metallic 
chlorides, when treated to concentrated sulphuric 
acid, generate chlorhydric acid gas, which dissolves 
very easily in water, but is' insoluble in concentrated 
sulphuric acid : 

O.H 

.Na 



NaCl + SO 



jO.H _ 
MO.H - 



HCl + SO 



(0.: 
mO.: 



Sodium 
chloride. 



Sulphuric 
acid. 



Chlorhydric 



acK 



1T< 

d. 



Acid sodium 
sulphate. 



Aqueous chlorhydric acid, or a solution of a metal- 
lic chloride acidified with sulphuric acid, yields 
chlorine upon being boiled with manganese dioxide 
and other hyperoxides : 

4 HCl + 2Mn^^0, + 2 SO, j ^'^ 



Chlorhydric 
acid. 



= 4 Cl + 



Manganese 
dioxide. 



opt). 
8 1 so, 

Manganous sulphate. 



Sulphuric 
acid. 




+ 4H,0 



Chlorine. 

likewise by boiling with chromic acid : 
6 HCl + 2 Cr-^0,.0 + 3 SO, 



Water. 



Chlorhydric 
add. 



Chromic 
anhydride. 



(OH 
I OH 

Sulphuric acid. 



= 6 Cl + 1 [ 



,\lo|so- 

|8|sO. + 6H.0 

|8}so. 



Chlorine. 



Cliromic sulphate. 



Water. 
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If, on the contrary, sodium chloride be fused with 
potassium dichromate, and the resulting product be 
treated to concentrated sulphuric acid, a very vola- 
tile, dark-rei liquid is obtained, chromyl chloride : 

0'{|c?;8;]::8| + 4Naci + eso.jg-g 

Potassium dichromate. Sodium chloride. Sulphuric acid. 

= 2 (Cr'OO'Cl. + 4 SO, I g;^* 

Chromyl chloride. Acid sodium sulphate. 

+ 2S0,|g;| + 3H,0 

Acid potassium sulphate. Water. 

This chromyl chloride, mixed with water, yields a 
yellow solution, with simultaneous formation of 
chromic anhydride and chlorhydric acid : 

(Cr^^6,)'Cl, + H,0 = Cr-^0,.0 + 2 HCl, 

and this yellow Solution remains yellow after the 
addition of ammonia (distinction from bromine). 

13) Bromhydric acid. 

Metallic bromides manifest the greatest similarity 
to metallic chlorides in their chemical reactions, 
especially in their reactions with manganese dioxide 
and hyperoxides in general, chromic acid and sul- 
phuric acid. If potassium chromate be fused with a 
metallic bromide and the product of the fusion be 
treated to concentrated sulphuric acid, thei:e results 
also in this case a brownish-red vapor which con- 
denses to a dark-red liquid, and is also dissolved by 
water, yielding a yellow-colored liquid ; but this 
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vapor is pure bromine, and the aqueous solution of 
it is decolorized by ammonia: 

4H.N + 3Br = 3 NH,.Br + N 

Ammonia. Bromine. Ammonimn bromide. Nitrogen. 

Tliis reaction, which [for bromine] takes place in the 
sense of the equation given for aqueous chlorhydric 
acid and chromic anhydride, is very weU adapted 
for the detection of smaU quantities of chlorine in 
presence of bromine. 

If a metallic bromide be treated to concentrated 
sulphuric acid, bromhy dric acid gas is evolved which 
fumes strongly in moist air ; at the same time a cer- 
tain quantity of free bromine is produced : 



2NaBr + 3 SO. j g;g = 2 SO, | g;g' 



.Na 
H 

Sodimn bromide. Sulphuric acid. Acid sodium sulphate. 



+ 2Br + so, + 2H.0 

Bromine. Sulphurous Water, 

anfgrdride. 

Bromine is expelled from its combinations with 
hydrogen or the metals by free chlorine (see p. 7). 
Concentrated nitric acid generates with bromides 
reddish-brown vapors which are probably mixture i 

of nitrosyl bromide [ N'''0''.Br ], tetrabromhypo- 

▼111 

/N\ ( O" 
nitnc oxide [(11 (Br*-' ^^^ bromnitryl bro- 
mide [ N'0"Br,.Br ] : 

NO,.O.H + 3HBr = NO.Br, + 2 H,0 

Nitric acid. Bromhydrio acid. Bromnitrvl bromide Water, 



>nmitryi c 
tlTO'Br,. 



Brl. 
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14) lodhydrio acid. 

The metallic iodides also display a great similarity 
to the metallic chlorides ; they react like the latter 
with chromic acid and hyperoxides. With concen- 
tiated sulphuric a<;id they rea<5t like the bromides, 
i.e.y iodine is liberated, though no iodhydric acid is 
formed. Concentrated nitric acid also liberates 
iodine: 

2 NO..OH + 2 HI = 2 I + NO..O.NO + 2 H.0 

Nitric acid. Iodhydric Iodine. Hyponitrio oxide. Water. 

Nitrons acid acts just as nitric add does, even when 
greatly diluted (distinction from bromine and chlo- 
rine): 

NO.O.H + HI = NO + I + H,0 

Nitrous acid. lodhvdric Nitrogen Iodine. Water. 

add. monoxide. 

Both free bromine and free chlorine expel iodine 
from its compounds (see p. 7). If cupric sulphate 
be added to a solution of potassium iodide, cuprous 
iodide separates, and iodine is liberated : 



4KI + 2Cu^jg|sO, = 



Cu 
Cu^ 




Fofagrium iodide. Cupric sulphate. Cuprous iodide. 



+ 3SO.{3;| + I. 

Potassimn sulphate. Iodine. 
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If ferrous sulphate be present at the same time, no 
iodine is liberated, but the ferrous oxide is converted 
to ferric oxide : 

It 

8KI + .Cu'{81sO.+ ^,g 8|,o. 



Fotassiuxn iodide. Cuprio sulphate. 



Ferrous sulphate. 



n 



Cu' 
Cu' 



I. + SO. { §:| + 



Cuprous iodide. 



Potassium sulphate. 




15) Cyanhydric add. 

The metallic cyanides and cyanhydric acid (prussic 
acid) are closely related, in many respects, to the 
metallic chlorides, etc. The most important features 
of their general behavior and some special reactions 
have been already jnentioned, so that only the fol- 
lowing remarks need be made. Chlorine, bromine, 
and iodine do not liberate cyanogen from its com- 
pounds, but produce respectively cyanogen chloride, 
bromide, and iodide, often with attendant intense 
brown coloration and total decomposition in other 
directions : 

K.C»\N''' + 21 = KI + CN.I 



Potassium 
cyanide. 



Iodine. 



Potassium 
iodide. 



Cyanogen 
iodide. 



The following two reactions are especially charac- 
teristic: if some solution of ferrous-ferric oxide 
(such as a mixture of ferrous sulphate and ferric 
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chloride) be added to a liquid containing cyanhydrio 
acid, and then sodium hydroxide solution be added 
in slight excess, a muddy precipitate is produced 
which dissolves in dilute chlorhydric acid, leaving 
fern-ferrous cyanide, Berlin blue, undissolved. The 
reaction evidently runs as f oUows : 

2 Fe.0..3 FeO + 18 HCy = 4 FeC/..3 FeCy, 

Fenrous-f erric ozlds, Cyaiihydric add. Ferri-f erroua cyanide, 

+ 9H,0 

Water, 

(for the rational formula of the Berlin blue, see 
xmder ferric oxide, p. 106.) 

If a solution of potassium cyanide be heated with 
yellow ammonium sulphide (polysulphide), the 
liquid rapidly becomes colorless, potassium sulpho- 
cyanate being formed. 

KCy + AmS.S.Am = Cy.S.K + Am,S 

Potassium Ammoniiuu disulphide. Potassium sulpho- Ammonium 
cyanide. cyanate. sulphide. 

The potassium sulphocyanate may be easily detected 
by evaporating the liquid to dryness on the water- 
bath, thus expelling all ammonium sulphide, dis- 
solving the residue in water with the addition of a 
few drops of dilute chlorhydric acid and adding 
ferric cliloride ; a blood-red coloration indicates the 
presence of potassium sulphocyanate. 

16) Sulphydric add. 

The behavior of this acid as well as of the metal- 
lic sulphides has been already given in sufficient 
detail. Especially characteristic for sulphydric 
acid is its odor ; its power to blacken x>a.per soaked 
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in lead or silver solutions (the surface of the paper 
assumes a metallic luster by this reaction) ; that it 
is inflammable, burning with a blue flame, yielding 
the odor of burning sulphur (sulphurous anhydride); 
that, in contact with many reducible compounds, it 
is decomposed with a separation of siQphur. 



■ 
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